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Acronyms and Abbreviations 
1,1,1‐TCA  1,1,1‐trichloroethane 

AB ambient blank 

bgs    below ground surface 

CC continuing calibration 

CCC    calibration check compounds 

CCV    continuing calibration verification 

CERCLA   Comprehensive Environmental Response, Compensation, and Liability Act of 1980  

CH2M    CH2M HILL, Inc.  

cis‐1,2 DCE  cis‐1, 2‐dichloroethene 

CLP    Contract Laboratory Program 

CPR    cardiopulmonary resuscitation 

CRL    Central Regional Laboratory 

CVAA    cold vapor atomic absorption 

DNAPL    dense nonaqueous phase liquid 

DO dissolved oxygen 

DPT    direct‐push technology 

DQI    data quality indicator 

DQO    data quality objective 

EB equipment blank 

EDD    electronic data deliverable 

EDMAN   Electronic Data Management and Analysis Network 

ELCR    excess lifetime cancer risk 

EPA     U.S. Environmental Protection Agency  

ERA    ecological risk assessment 

ESL ecological screening level 

FB field blank 

FCWF    Fall Creek wellfield 

FD field duplicate 

FS feasibility study 

GC/ECD   gas chromatograph/electron capture detector 

GC/MS    gas chromatograph/mass spectrometry 

GIS geographic information system 

GPS    global positioning system 
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HHRA    human health risk assessment 

HI hazard index 

HRS    Hazard Ranking System  

IC initial calibration 

ICAP    inductively coupled argon plasma 

ICS Interference check solutions 

ICV initial calibration verification 

ID identification 

IDW    investigation‐derived waste 

IDEM    Indiana Department of Environmental Management 

LCS    laboratory control sample 

LD laboratory duplicate 

MB    method blank 

MCL    maximum contaminant level 

MDL    method detection limit 

µg/kg    micrograms per kilogram 

µg/L   micrograms per liter 

µg/m3   micrograms per cubic meter 

mg/kg    milligrams per kilogram 

mg/L    milligrams per liter 

mL milliliter 

MPC    measurement performance criteria  

MNA    monitored natural attenuation 

MS matrix spike 

MSD    matrix spike duplicate 

MW    monitoring well 

NA not applicable 

ORP    oxidation‐reduction potential 

PAL    project action limits 

PARCCS   precision, accuracy, representativeness, comparability, completeness, and sensitivity  

PCB    polychlorinated biphenyl 

PCE    tetrachloroethylene 

%R percent recovery 

PID    photoionization detector 
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ppb    parts per billion  

ppm    parts per million 

PRT    post run tubing 

PVC    polyvinyl chloride 

QA quality assurance  

QAPP    Quality Assurance Project Plan 

QC quality control  

QL quantitation limit 

RCRA    Resource Conservation and Recovery Act 

RF response factor 

RI remedial investigation 

RL reporting limit 

RPD    relative percent difference 

RRT    relative retention time 

RSD    relative standard deviation 

RSL    Regional Screening Level 

SG soil gas 

SLHHRA   screening‐level human health risk assessment 

SOP    standard operating procedure 

SpC    specific conductance 

SPCC    system performance check compounds 

SSC    site safety coordinator 

SSPA    S. S. Papadopulos and Associates, Inc. 

SVE    soil vapor extraction  

SVOC    semivolatile organic compound 

TAT    turnaround time 

TB trip blank 

TBD    to be determined 

TCE    trichloroethylene  

TCL    target compound list 

TCLP    toxicity characteristic leaching procedure 

TOC    total organic carbon 

UFP    Uniform Federal Policy 

VC vinyl chloride 
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VI vapor intrusion 

VISL    vapor intrusion screening level  

VOC    volatile organic compound 

WAM    work assignment manager 
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Worksheets #1 and #2—Title and Approval 
Page 
Site Name/Project Name: Keystone Corridor Groundwater Contamination Site  

Revision Number: 0 

Site Location: Indianapolis, Marion County, Indiana Site Number/Code: INN000510399 

Operable Unit: OU0 

Document Title: Uniform Federal Policy Quality Assurance Project Plan— Keystone Corridor Groundwater 
Contamination Site  

Lead Organization: U.S. Environmental Protection Agency (EPA)  

Contractor Name: CH2M HILL (CH2M)  Contractor Number: EP‐S5‐06‐01 

Contract Title: Remedial Action Contract 2 Work Assignment Number: 192‐RICO‐B5VX 

Preparers’ Name and Organizational Affiliation: Heather Hodach/CH2M, Dave Reamer/CH2M, 
Jamie Sutton/CH2M, and Hope Mauer/CH2M 

Preparer’s Address, Telephone Number, and E‐mail Address: Heather Hodach, CH2M, 135 South 84th 
Street, Suite 400 

Milwaukee, WI 53214; 414‐272‐2426 

Preparation Date: 09/09/2015 

1. Identify regulatory program:

The Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA),
commonly known as Superfund

2. Identify approval entity: EPA Region 5

3. The quality assurance project plan (QAPP) is (select one): Generic  Project‐Specific 

4. List dates of scoping sessions that were held:

 Meeting between EPA, CH2M, and S. S. Papadopulos and Associates, Inc. (SSPA) was held on
June 16, 2015, at the EPA Region 5 headquarters in Chicago, Illinois, to gain team endorsement on 
the overall strategy and activities to be completed.  

5. List dates and titles of QAPP documents written for previous site work, if applicable: Not applicable.

6. List organizational partners (stakeholders) and connection with lead organization:

EPA Region 5 (lead organization)
Indiana Department of Environmental Management (IDEM) (State Agency)

CH2M (contractor)

SSPA (EPA’s contractor)

7. List data users:

EPA, IDEM, CH2M, SSPA



QUAUTY ASSURANCE PROJECT PIAN 
Remedial Investigation 

KEYSTONE CORRIDOR GROUNDWATER CONTAMINATION SITE 
BARTHOLOMEW COUNTY,INDIANA 

WA No.192-RICO-BSVX/Contract EP-SS-06-01 

Lead Organization: United States Environmental Protection Agency 
Prepared by: CH2M 

Date: November 2015 
Approved by: 

Investigative Organization's Site Manager 

Investigative Organization's Site Program Quality 
Assurance (QA} Manager 

Lead Organization's Project Manager 

Brett Fishwild/CH2M 

Theresa Rojas/CHiM 

11/13/2.015 

Date 

11/16/2015 
Date 

EPA Region 5 QAPP Reviewer -~ 4 ... R-e/ z~i/6 
Ida levin/EPA Date 

1 
· 

Laboratory Director 
11/19/2015 

Laboratory QA Manager 

====·-=-- ·--· -
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Worksheets #3 and #5—Project Organization 
and QAPP Distribution 
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QAPP Recipients  Title  Organization
Telephone 
Number  Fax Number  E‐mail Address 

Leslie Blake  Region 5 Work Assignment 
Manager (WAM) 

EPA  312‐353‐7921  312‐385‐5428  Blake.Leslie@epa.gov 

Ida Levin  Region 5 QAPP Reviewer  EPA  312‐886‐6254  312‐692‐2929  Levin.Ida@epa.gov 

Theresa Rojas  QA Manager  CH2M  678‐530‐4297  770‐604‐9282  Theresa.Rojas@ch2m.com 

Brett Fishwild  Site Manager  CH2M  937‐220‐2955    Brett.Fishwild@ch2m.com 

Dave Reamer  Assistant Site Manager 
/Remedial Investigation (RI) 

Lead 

CH2M  973‐316‐3547    Dave.Reamer@ch2m.com 

Jewelle Keiser  Senior Technical Consultant  CH2M  414‐847‐0469  414‐454‐8767  Jewelle.Keiser@ch2m.com 

Barrie Selcoe  Subject Matter Expert/Human 
Health Risk Assessor 

CH2M  281‐246‐4322  281‐721‐8401  Barrie.Selcoe@ch2m.com 

Jeff Johnson  Subject Matter 
Expert/Ecological Risk 

Assessor 

CH2M  937‐220‐2931    Jeffery.Johnson@ch2m.com 

Jessy Kastanek  Vapor Intrusion (VI) and Risk 
Assessment Lead 

CH2M  720‐286‐5778    Jessica.Kastanek@ch2m.com 

Heather Hodach  Project Chemist  CH2M  414‐847‐0428    Heather.Hodach@ch2m.com 

TBD  Field Team Lead  CH2M  TBD  TBD  TBD 

Rick Dobbins  Database manager  CH2M  352‐384‐7049    Rick.Dobbins@ch2m.com 

Chad Whelton  Laboratory Project Manager  ALS Global  616‐582‐5201      Chad.Whelton@alsglobal.com 
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Worksheets #4, #7, and #8—Personnel 
Qualifications and Signoff Sheet 

Name  Title 
Organizational 
Affiliation  Responsibilities 

Education and Experience 
Qualifications 

Leslie Blake  Region 5 WAM  EPA  Overall responsibility for all phases of work, 
review, and approval. 

Ida Levin  Region 5 QAPP 
Reviewer 

EPA  QAPP review and approval.

Paul Arps  Program Manager  CH2M  Principal point of contact for the EPA 
contracting officer and project officer. 
Directs the creation and/or implementation 
of program policies. Selects the program 
QA manager with endorsement by the 
business group federal sector quality 
manager. Reviews budget, schedule, and 
performance reports. Reviews corrective 
actions and lessons learned to assess the 
effectiveness of resolutions. Allocates 
resources for quality management. 

B.S., Chemistry, 13 years of 
experience 

Theresa Rojas  QA Manager  CH2M  Accountable for the overall QA of the 
program. Approves and charters project 
quality manager. Evaluates project quality 
requirements and supports implementation 
to meet quality requirements. Resolves 
disputes concerning quality through 
discussion and negotiation. 

B.S., Chemistry 29 years of 
experience 

Brett Fishwild  Site Manager  CH2M  Responsible for executing the phases of the 
work assignment and for efficiently 
applying the full resources of the project 
team. Responsible for the technical, 
financial, administrative, and client‐related 
aspects of the project and the project 
team. Plans the execution of the work 
assignment and identifies necessary staff. 
Organizes, directs, and manages personnel 
and resources. Communicates with the EPA 
WAM. Responds to and implements 
corrective actions. 

M.S., Geological Sciences, 
B.S., Geological Sciences, 
17 years of experience 

Dave 
Boehnker 

Subject Matter 
Expert/Senior 
Hydrogeologist 

CH2M  Provides technical expertise, develops site‐
specific goals for the site, and provides 
input on investigation strategy.  

B.S., Geology, 35 years of 
experience 

Dave Reamer   Assistant Site 
Manager/ 
RI Leader  

CH2M  Coordinates, directs, and reports site 
activities; ensures adherence to the QAPP; 
communicates issues to site manager and 
field team; assists with contractor oversight. 

B.S., Geology, 10 years of 
experience 
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Name  Title 
Organizational 
Affiliation  Responsibilities 

Education and Experience 
Qualifications 

TBD  Field Team 
Leader/Field 
Quality Manager/ 
Site Safety 
Coordinator 

CH2M  Documents and conveys progress of field 
activities, including adherence and any 
deviations from the QAPP; communication 
with task lead and project chemist, and 
others as directed by them; directs CH2M 
field support staff and contractors; 
provides daily safety briefings and directs 
onsite safety activities.

 

Barrie Selcoe  Subject Matter 
Expert/Human 
Health Risk 
Assessor 

CH2M  Provides technical human health risk 
assessment expertise and develops 
site‐specific goals for the site, including VI. 

M.P.H., Risk Assessment, 
B.S., Environmental Health, 
25 years of experience 

Jeff Johnson  Subject Matter 
Expert/Ecological 
Risk Assessor 

CH2M  Provides technical ecological risk 
assessment expertise and develops 
site‐specific goals for the site.  

B.A., Biology, 13 years of 
experience  

Jessy Kastanek   VI and Risk 
Assessment Lead 

CH2M  Provides technical human health risk 
assessment expertise and develops 
site‐specific goals for the site, including VI. 

M.S. Engineering, 
B.S. Engineering, 13 years of 
experience 

Jewelle Keiser  Senior Technical 
Consultant 

CH2M  Provides technical expertise and develops 
site‐specific goals for the site. 

M.S. Geology and 
Geophysics/Hydrogeology, 
31 years of experience 

Carl Woods  Health, Safety, 
and Environment 
Manager 

CH2M  Provides support and assistance for health 
and safety requirements and management.  

M.S., Environmental Safety 
Management, B.A., General 
Studies, 18 years of 
experience 

Heather 
Hodach 

Project Chemist  CH2M  Assists in QAPP preparation, coordinates 
laboratory subcontractors, performs 
oversight of laboratory and data validation, 
and performs data evaluation. 

B.S. Chemistry, 15 years of 
experience  

Rick Dobbins  Database 
Manager 

CH2M  Sets up the project data management 
system, performs data conversion, quality 
control (QC), and database maintenance, 
and prepares data exports (tables, 
electronic data deliverables [EDDs]). 

B.S., Chemistry, 25 years of 
experience 

Chad Whelton  Laboratory 
Project Manager 

ALS Global  Coordinates laboratory analysis and 
reporting, and maintains communication 
with the project chemist. 
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Special Training Requirements 

Project 
Function 

Specialized 
Training Title or 
Description of 

Course 
Training 
Provider 

Training 
Date 

Personnel/Groups 
Receiving Training 

Personnel 
Titles/ 

Organizational 
Affiliation 

Location of Training 
Records/Certificates  

Field 
Activities 

Occupational 
Safety and Health 
Administration 
Hazardous Waste 
Operations and 
Emergency 
Response Standard 
40‐hour training 
and annual 8‐hour 
refresher 

Registered 
training 
organization 

Annually  All staff, including 
subcontracted 
personnel who 
enter the site  

Field team staff, 
Site Manager 
(SM), and 
support staff 
who enter the 
site 

CH2M Human 
Resources 
Department 

Field 
Activities 

Cardiopulmonary 
resuscitation (CPR) 
and first‐aid 

Registered 
training 
organization 

Every 
3 years 

Site safety 
coordinator (SSC) 

Field team staff  CH2M Human 
Resources 
Department 

Field 
Activities 

SSC–Hazardous 
Waste  

Registered 
training 
organization 

Every 
3 years 

SSC  SSC from CH2M  CH2M Human 
Resources 
Department 

Health and 
Safety 

Health and Safety 
Plan 

CH2M  Various, 
project 
specific 

All field staff, 
including 
subcontracted 
personnel working 
in the field 

All field 
personnel from 
CH2M and 
subcontracted 
personnel 

Signoff sheet at the 
end of the health and 
safety plan 
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Signoff Sheet 

Organization: EPA 

Project 
Personnel  Title  Telephone Number  Signature  Date 

Leslie Blake  Region 5 WAM  312‐353‐7921

Ida Levin  Region 5 QAPP 
Reviewer 

312‐886‐7185

Organization: CH2M—To be signed once Uniform Federal Policy (UFP)‐QAPP is approved by lead organization. 

Project 
Personnel  Title  Telephone Number  Signature  Date 

Theresa Rojas  QA Manager  678‐530‐4297

Brett Fishwild  Site Manager   937‐220‐2955

Dave Reamer  Assistant Site 
Manager/RI Lead 

973‐316‐3547

Jewelle Keiser  Senior Technical 
Consultant 

414‐847‐0469

Barrie Selcoe  Subject Matter 
Expert/Human 
Health Risk Assessor 

281‐721‐8527

Jeff Johnson  Subject Matter 
Expert/Ecological 
Risk Assessor 

937‐220‐2931 

Jessy Kastanek  VI and Risk 
Assessment Lead 

720‐286‐5778

TBD  Field Team Lead

Heather Hodach  Project Chemist  (414) 847‐0428 
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Worksheet #6—Communication Pathways 
Communication 

Drivers  Responsible Entity  Name  Phone Number  Procedure (Timing, Pathways, etc.) 

Communication 
with CH2M 
program manager 

EPA program officer  William Dytrych  312‐886‐0755  Provides administrative direction to 
CH2M program manager and project 
team, authorizes changes to plan, and 
can stop work, if needed. 

Communication 
with CH2M 
contract manager 

EPA contracting officer  Daniel Olsson  312‐353‐3187  Provides administrative direction to 
CH2M contracts manager. 

Communication 
with CH2M site 
manager 

EPA WAM   Leslie Blake  312‐353‐7921  Serves as primary point of contact for 
EPA, and provides approval of technical 
direction to CH2M site manager. 

Point of contact 
with IDEM 
Environmental 
Manager 

IDEM environmental 
manager 

Doug Petroff  317‐234‐7179  Serves as primary point of contact for 
IDEM, assists with technical direction 
to CH2M site manager and EPA WAM. 

Communication 
with EPA program 
officer and 
Contracting Officer 

CH2M program 
manager  

Paul Arps  262‐349‐4180  Receives contractual direction from 
EPA program officer and contracting 
officer, and notifies EPA of contractual 
deviations (changes in scope of work, 
budget, or schedule) by e‐mail or 
letter. 

Point of contact 
with EPA WAM 

CH2M site manager  Brett Fishwild  937‐220‐2955  Materials and information about the 
project will be forwarded to EPA WAM 
by Brett Fishwild. 

Manage technical 
project phases 

CH2M task 
management/RI leader 

Dave Reamer  973‐316‐3547  Notifies Brett Fishwild of RI‐related 
problems by next business day. Serious 
issues will also be reported to program 
quality manager, Theresa Rojas. 

Field staff 
discussion and 
inquiry 

CH2M field team 
leader 

TBD  TBD  Serve as a primary point of contact for 
field team before, during, and after the 
investigation; communicates back to 
the site manager, quality manager, and 
project chemist, as needed. 
Communication by phone as needed 
with field staff during field sampling 
events, followup with e‐mail to 
document decisions and actions.  

QAPP deviations in 
the field 

CH2M field team 
leaders/field team 
member 

TBD  TBD  The field team leader will immediately 
notify the site manager by phone and 
e‐mail of deviations from the QAPP 
made in the field and the reasons. 
Documentation of deviations from the 
work plan will be kept in the field 
logbook; deviations will be made only 
with the approval of the site manager. 
The site manager will advise EPA WAM 
of deviations from the QAPP. 
Significant changes will be reviewed 
and approved by the same personnel 
that approved the final QAPP 
document.

Daily field progress 
reports 

CH2M field team 
leader 

TBD  TBD  E‐mail or fax daily field progress 
reports to the site manager. 
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Communication 
Drivers  Responsible Entity  Name  Phone Number  Procedure (Timing, Pathways, etc.) 

Field corrective 
actions 

CH2M field quality 
manager 

TBD  TBD  The need for corrective action for field 
issues will be determined by the field 
quality manager. The site manager and 
RI leader will ensure QAPP 
requirements are met by field staff. 
The field quality manager will notify 
the site manager immediately of 
needed field corrective actions.  

Reporting 
laboratory data 
quality issues 

Laboratory project 
manager 

Chad Whelton  616‐582‐5201  QA/QC issues with field samples will be 
reported to the project chemist 
immediately. 

Analytical 
corrective actions 

Project chemist  Heather Hodach  414‐847‐0428  The need for corrective action by the 
analytical laboratory will be 
determined by the project chemist. 
The project chemist will ensure QAPP 
requirements are met by the 
laboratory. No analytical data can be 
released until data are reviewed for 
completeness and conformance to 
analytical guidelines by the project 
chemist. The project chemist will 
review data as soon as possible upon 
receipt from the validator. 

Release of 
analytical data 

Laboratory project 
manager 

Chad Whelton  616‐582‐5201  No analytical data can be released to 
CH2M and EPA until it has been 
reviewed by the laboratory. No final 
data can be released to CH2M until 
validation is completed and the 
laboratory has approved release of the 
data. 

QAPP amendments  Region 5 WAM and 
QAPP reviewer 

Leslie Blake 

 

Ida Levin 

312‐353‐7921 
 

312‐886‐7185 

Major changes to the QAPP must be 
reviewed and approved by the same 
personnel that reviewed and approved 
the final QAPP before the changes can 
be implemented.  
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Worksheet #9—Project Planning Session 
Summary 
Site Name:  Keystone Corridor Groundwater Contamination Site 

Project Name and 
Site Location:  

Keystone Corridor Groundwater Contamination Site, Indianapolis, Marion 
County, Indiana 

Projected Date(s) of 
Sampling: 

October 2015 through December 2015 

Site Manager:  Brett Fishwild 

Date of Session: June 16, 2015 

Scoping Session Purpose: Develop and obtain team endorsement on the overall strategy and activities to be completed during 
the RI. 

Name  Title/Role  Affiliation  Phone #  E‐mail Address 

Leslie Blake  Remedial project 
manager/WAM 

EPA  (312) 353‐7921  Blake.Leslie@ch2m.com  

Doug Petroff  Project manager  IDEM  (317) 234‐7179  dpetroff@idem.in.gov 

Brett Fishwild  Site manager  CH2M  (937) 220‐2955  Brett.Fishwild@ch2m.com 

Dave Boehnker  Subject matter 
expert/senior 
hydrogeologist 

CH2M  (937) 220‐2971  David.Boehnker@ch2m.com 

Alex 
Spiliotopoulos 

Senior hydrogeologist  SSPA  (301) 718‐8900  alexs@sspa.com 

Matt Tonkin  President  SSPA  (301) 500‐2287  matt@sspa.com 

Decisions/Discussion Items 

 EPA presented the remedial history of the site and the expectations of the project.

 The team agreed to the following items:

 Site boundaries. Though the Hazard Ranking System (HRS) report identified a multitude of potential
sources within the 1‐year and 5‐year time of travel capture zones for Indianapolis’ two municipal 
well fields, the team agreed to constrain the investigation area to the current EPA‐defined 
boundaries of the site. The center of the site is designated as the intersection of Keystone Avenue 
and East Fall Creek Parkway North Drive, and the site is approximately bounded on the north by 
45th Street, on the west by Norwaldo Avenue, on the south by 38th Street, and on the east by 
Eastern Avenue (Figure 1). 

 Potential contaminants of concern. The investigation will focus on tetrachloroethylene (PCE) and 
trichloroethylene (TCE) releases identified in the HRS report and their degradation products. 
Therefore, the full analytical suite of volatile organic compounds (VOCs) will be analyzed. 
Additionally, due to the potential use of 1,4‐dioxane as preservative of 1,1,1‐trichloroethane 
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(1,1,1‐TCA), one semivolatile organic compound (SVOC), 1,4‐dioxane, will also be analyzed, though 
in a more limited fashion than VOCs. 

 Potential source properties. The following seven properties are identified in the HRS report as 
having historical releases located within the defined investigation area and will be investigated: 
Tuchman Cleaners, Thomas Caterers of Distinction, Vantage Point Cleaners, Purtee Plating, 
Lumberman’s Wholesale Supply, Imperial Cleaners, and S&K Laundry.  

 Limited soil gas investigation. Due to the limited investigation time, the team agreed to one soil gas 
sampling event, with the assumption that additional work could be completed under a separate 
investigation and possibly as a separate (to be created) operable unit. Additionally, CH2M proposes 
a phased approach to field data collection. This will allow data from one phase to directly impact 
how data is collected in the subsequent phase, which will increase cost efficiencies and reduce the 
time needed to collect and analyze data.  

 Analytical methods. Due to the time constraints on the investigation, EPA agreed that laboratory 
analysis should be completed with expedited turnaround times (TATs) (3‐ and 7‐day results) and 
that a subcontracted laboratory should complete the analyses instead of using either the Contract 
Laboratory Program (CLP) or Central Regional Laboratory (CRL). 

Due to the age and discontinuous nature of historical information regarding the potential source of the 
groundwater contamination and the current period of performance of CH2M’s prime contract ending on 
March 14, 2016, the proposed project approach is designed to complete field sampling in an expedited and 
phased manner.  

After completion of the field activities and data collection, a draft RI report will be submitted to EPA. Based 
on the current prime contract end date and the anticipated schedule to complete project‐related activities, 
the efforts to prepare the final RI report and the feasibility study (FS) report and conduct post‐RI/FS 
activities were not to be included in the work plan.  

The accelerated schedule to complete RI activities and the associated report with risk assessments within 
the period of performance was emphasized. It was also clarified that additional potential sources, at this 
time, are not to be investigated unless the RI data indicate otherwise. 

SSPA will support CH2M throughout the course of the project in two main ways: (1) providing geographic 
information system (GIS)‐based services to render all analytical and geospatial data in graphical and tabular 
form, and (2) providing groundwater modeling to EPA directly as needed. 

Follow‐up Task 

CH2M will submit a work plan to EPA to define the activities, schedule, and budget for completing the field 
sampling and reporting at the site. This QAPP will be prepared in parallel with EPA’s review of the work plan 
to expedite the completion of the site investigations.  
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Worksheet #10—Conceptual Site Model 

10.1 The Problem to be Addressed by the Project 
Chlorinated VOCs have been detected in groundwater and soil samples collected from the former Tuchman 
Facility in 1989. Additional investigations, conducted to identify the source of VOCs in groundwater, 
observed elevated levels of VOCs on the Thomas Caterers of Distinction property and the former Vantage 
Point Cleaners, Purtee Plating, Lumberman’s Wholesale Supply, and Imperial 1‐Hour Cleaners properties.  

The Fall Creek wellfield (FCWF) located near the site consists of 9 operating municipal wells that supply 
water to approximately 15 percent of total water to the Indianapolis distribution system, which includes an 
estimated population of 123,000 residents. Six municipal wells have had historical detections of various 
VOCs, notably chlorinated solvents, during several of the most recent quarters of sampling, with vinyl 
chloride (VC) detected above the maximum contaminant level (MCL) at one well. Results of the EPA HRS 
evaluation concluded that the 9 operating municipal wells have the potential to become contaminated from 
the groundwater VOC plume. 

The depicted plume, based on the HRS Documentation Record for the site, measures approximately 
4,500 feet long (north to south) and approximately 1,500 feet wide (east to west). The plume consists of 
chlorinated solvents, including PCE, TCE, VC, and cis‐1,2‐dichloroethene (cis‐1,2‐DCE). The VOC groundwater 
plume will be investigated in the outwash aquifer, which extends down to the top of the karst carbonate 
bedrock, approximately 80 feet below ground surface (bgs). Due to the time constraints of the investigation, 
the karst bedrock aquifer will not be investigated during this RI. Over 40 known users or handlers of solvents 
have been identified as possible sources in the HRS documentation record. Due to the complex geology and 
high number of known and potential sources of chlorinated VOCs in the project area, the HRS determined 
that it is not feasible to directly link any source to the contaminants encountered in the plume. This RI will 
investigate the presence of VOCs in soil and groundwater at 6 properties known to have historical VOC 
contamination in soil in the vicinity of the FCWF. The RI will also delineate the horizontal and vertical extent 
of the VOC plume in the outwash aquifer throughout the study area.  

The purpose of the RI is to support selection of a remedy for the site. The RI will evaluate the nature and 
extent of hazardous substances, pollutants, or contaminants related to PCE, TCE, and associated VOCs in 
source materials (if found) and within potentially impacted soils, soil gas, air, groundwater, pore water, and 
surface water at the site. The results of the RI will be presented in a draft RI report, which will also assess the 
potential risks that the hazardous substances, pollutants, or contaminants present to human health and the 
environment. The following are the potential human exposure pathways associated with the site: 

 Migration of VOCs through groundwater to drinking water supply wells (which are monitored)

 Migration of VOCs through groundwater, which can offgas VOCs, which can, in turn, be transported
diffusively and advectively through soil gas into the indoor air within structures (conventional vapor
intrusion)

 Migration of VOCs from vadose zone soils near the point of disposal through the vadose zone as soil gas
into the indoor air within structures (also part of conventional vapor intrusion)

 Migration of VOCs through sewer or other utility corridors. This can include VOCs discharged into the
sewer lines directly, or VOCs that enter sewers or utility backfill from soil gas or impacted shallow
groundwater. These VOCs can then directly enter structures or be reintroduced into the vadose zone at a
considerable distance from the point of release (preferential pathway or utility corridor vapor intrusion).

 Migration of VOCs into Fall Creek.
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10.2 Site Description 
The site consists of an area of VOC groundwater and soil contamination located within a mixed commercial, 
residential, and industrial area in Indianapolis, Marion County, Indiana. Based on EPA’s HRS evaluation, the 
center of the site is designated as the intersection of Keystone Avenue and East Fall Creek Parkway North 
Drive, and the site is approximately bounded on the north by 45th Street, on the west by Norwaldo Avenue, 
on the south by 38th Street, and on the east by Eastern Avenue (Figure 1). The site can be found in 
Sections 17 and 18, Township 16 North, and Range 4 East. 

Groundwater at the site is present within the approximately 80‐foot‐thick unconsolidated silty sand and gravel 
outwash, as well as in the underlying carbonate bedrock containing the karst aquifer. The site is in an urban 
setting with impervious cover from buildings and roadways prevalent. Within the outwash aquifer, previous 
investigations completed at the Tuchman property have indicated an upper layer of sands, silty sands, and 
clayey sands extending from ground surface to approximately 25 feet bgs. Underlying the upper sands is an 
approximately 35‐foot till layer consisting of sandy clays with interbedded sand lenses. Beneath the clay layer 
is generally silty sand extending to carbonate bedrock encountered at approximately 80 feet bgs.  

Accordingly, the upper outwash aquifer will be studied in three general intervals: the shallow aquifer zone 
between approximately 0 and 25 feet bgs, the intermediate discontinuous clay and sand zone between 
approximately 25 and 60 feet bgs, and the deep aquifer between 60 and 80 feet bgs.  

Regional static water levels are generally 20 to 50 feet bgs (in highland areas), with the outwash aquifer 
groundwater generally flowing towards Fall Creek. Static water levels within the site are approximately 
20 feet bgs. Groundwater to the north of Fall Creek generally flows to the south‐southwest, and 
groundwater south of Fall Creek flows towards the west. Previous investigations determined that the 
hydraulic conductivity of the outwash aquifer is between 1.7 × 10‐4 and 5.1 × 10‐4 centimeters per second 
(EPA 2013).  

The outwash and carbonate bedrock (karst) aquifer have been evaluated as a combined aquifer. 
No continuous layer of clay or sandy/gravelly clay has been observed above the carbonate bedrock within 
2 miles of the center of the groundwater plume; therefore, interconnected sand and gravel units act as a 
single, unified aquifer system where the karst aquifer is recharged through the outwash. Municipal wells are 
installed throughout the combined aquifer in both the outwash and karst aquifers.  

The bedrock consists of the Devonian‐aged Muscatatuck Group of limestone and dolomite, which dips 
slightly to the southwest. The bedrock consists of typical karst topography including sinkholes, small caves, 
and other solution features. The carbonate bedrock extends more than 200 feet deep and is present 
throughout the entire site. The hydraulic conductivity of the karst aquifer is estimated to be 10‐2 centimeters 
per second (EPA 2013).  

10.3 Historical Investigations and Remedial History 
Over 40 known users or handlers of solvents have been identified as possible sources in the HRS 
documentation. The following section summarizes VOC contamination from seven properties that are 
suspected of contributing VOCs to the groundwater plume and will be investigated during this RI. This 
section also summarizes previous investigations and remedial efforts that were performed at the seven 
properties to date. Each of the potential source area properties described in the following subsections have 
had multiple owners with various activities occurring at the properties. The properties listed below are 
referred to their names as listed in the IDEM Environmental Site Investigation (ESI) and EPA HRS study for 
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consistency. Use of each former or current site owner’s company name in this UFP‐QAPP does not imply 
that potential contamination of the property occurred during their ownership. 

Tuchman Cleaners Facility 
The former Tuchman Cleaners was located at 4401 Keystone Avenue, Indianapolis, Indiana. The facility used 
PCE, generated PCE waste, and had several PCE spills onsite. In May 1989, elevated levels of VOCs were 
detected in samples from two soil borings that were collected near an underground tank as part of a 
subsurface investigation. Later in 1989, a soil gas survey was conducted on the property to determine the 
extent of subsurface contamination at the facility. The investigation concluded that it was possible that the 
majority of the plume had migrated with the groundwater to the south/southeast and had traveled off of 
the property. Exploratory borings performed in 1989, as part of a Phase II Investigation, indicated that the 
subsurface soils and groundwater on the property were contaminated with VOCs (EPA 2013).  

Four monitoring wells were subsequently installed on the property, which contained elevated levels of TCE 
(1,330 micrograms per liter [μg/L]), VC (21,900 μg/L), and PCE (6,500 μg/L) in the groundwater. Another 
Phase II investigation/remediation report was completed in January of 1996 to evaluate the nature of the 
potential source area and to evaluate how best to remediate the VOCs. Elevated levels of VC, TCE, PCE, and 
other breakdown products were detected in the groundwater. Water samples were also collected from the 
washwater containment pits of the drycleaner’s operations in 1999 to pinpoint any potential sources of 
contamination, and analysis revealed elevated levels of PCE in the pits. An additional Stage I investigation in 
July and August of 2000, which collected soil and groundwater grab samples, also detected elevated levels 
of PCE in soils and groundwater (EPA 2013). 

A soil vapor extraction (SVE) system and a pump‐and‐treat system were installed in October 1990. 
Approximately 162 to 217 kilograms of VOCs have been removed from the shallow groundwater zone during 
82 months of pumping. According to a groundwater monitoring report dated April 11, 2000, the remediation 
system was effective at blocking impacted groundwater from flowing off of the property site, but did not 
mention if any contaminated groundwater left the facility prior to the installation of the remediation 
system. VOC concentrations decreased during the remediation activities, but data from upgradient 
monitoring well MW6 indicated that PCE had likely migrated onto the property from an offsite source. It was 
noted that this monitoring well was located immediately downgradient of the former Vantage Point 
Cleaners on Allisonville Road that included dry‐cleaning operations that may have resulted in releases to the 
subsurface. In general, groundwater flow was documented in a southwesterly direction, although localized 
variations in groundwater flow direction have been documented (EPA 2013).  

An onsite dense nonaqueous phase liquid (DNAPL) recovery well was installed in November of 2003. 
Approximately 2,000 pounds of DNAPL were recovered from 2003 to 2006 (IDEM 2010).  

Monitoring of the wells on the property from 2002 and 2003 and 2005 to 2008 revealed continuous 
detections of PCE, although VOC concentrations fluctuated in some of the wells. An RI report prepared for 
the owners of the property indicated that PCE and its associated degradation products have migrated off of 
the Tuchman Property.  

On July 7, 2008, National Drycleaners, Inc., the parent company of Tuchman and Tuchman Cleaners, Inc., 
declared Chapter 11 Bankruptcy. As of that date, all remedial efforts ceased pursuant to the bankruptcy 
proceedings at the Tuchman Cleaners Site (EPA 2013).  

Lumberman’s Wholesale Supply 
The property at 4024 Millersville Road, referred to as Lumberman’s Wholesale Supply, formerly housed glass 
manufacturing, a lumberyard, and dry‐cleaning and laundry facilities. During the mid‐1990s, dry cleaning 
and laundry operations were primarily conducted to clean industrial‐use towels that were contaminated 
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with metals, SVOCs, VOCs, and other chemicals. In 1996, the Indiana Attorney General’s office halted 
operations at the facility due to Resource Conservation and Recovery Act (RCRA) waste‐handling violations 
(BCA Consultants 2005).  

In 1996, water samples taken from a 5,000‐gallon tank fed by a 246‐foot‐deep onsite well showed 
concentrations of PCE at 20 parts per billion (ppb). However, no PCE was found in water sampled from the 
well, suggesting that PCE may have been absorbed by the water in the unventilated facility (IDEM 2002).  

Between 1997 and 2002, preliminary site assessments were completed at the site, which included the 
installation of monitoring wells, and the collection of subsurface soil and groundwater samples. Soil beneath 
the potential source area had up to 1,900 parts per million (ppm) of PCE in 1997, and PCE was found at up to 
300 ppb in groundwater (SESCO Group [SESCO] 2009).  

In 2004, a Voluntary Remediation Agreement was approved and adopted. In 2009, remediation at the site 
was initiated by implementing enhanced bioremediation in the subsurface by injecting Hydrogen Release 
Compound Advanced 3D Microemulsion. Subsequent sampling at the site revealed chlorinated solvent 
impacts in groundwater at two location on the western edge of the site and soil impacts above the IDEM 
criteria in the potential source area. IDEM required an additional soil and VI investigation and the 
development of a remediation work plan (SESCO 2012). 

In 2012, a subslab depressurization vapor mitigation system was installed in order to address VI impacts 
inside the site building (SESCO 2012).  

Vantage Point Cleaners  
Former Vantage Point Cleaners operated from approximately 1979 until 1997 as a dry cleaner, using and 
disposing of PCE waste. In 1996, an environmental consultant was contracted to conduct a Phase I 
Environmental Assessment at the former location of Vantage Point Cleaners, located at 4405 Allisonville 
Road, Indianapolis, Indiana, northeast of Tuchman. Elevated levels of PCE were detected in the groundwater 
from two of three monitoring wells that were installed on the property (EPA 2013).  

T&N Partnership, the owner of the vacant lot where Vantage Point Cleaners formerly operated, filed a 
lawsuit against Tuchman Cleaners and Vantage Point Cleaners. According to the Summary Judgment, it was 
determined that the contamination found on the vacant lot migrated from both Vantage Point Cleaners and 
Tuchman Cleaners.  

A Phase II Environmental Investigation was conducted on the Vantage Point property and four additional 
monitoring wells were installed. Naphthalene was the only compound detected in the groundwater at the 
Vantage Point Cleaners. In 2007, a Phase II Site Investigation was conducted to determine if there was any 
contribution to PCE groundwater impacts to a vacant lot located between Vantage Point Cleaners and 
Tuchman Cleaners. The investigation found that elevated levels of PCE were detected on the Vantage Point 
Cleaners property (EPA 2013). 

In 2010, IDEM issued a Special Notice of Liability letter to the registered agent of the former Vantage 
Point Cleaners, stating that a release of hazardous substances was documented from the former Vantage 
Point Cleaners property and that the facility was responsible to perform a response action that was 
deemed necessary by IDEM. In January 2011, a consultant for the registered agent prepared a work plan 
to investigate the VI pathway at a nearby church at the request of IDEM. On February 16, 2012, IDEM 
issued a Commissioners Order to Vantage Point Cleaners’ responsible parties to conduct necessary 
response actions in order to address the groundwater contamination. According to an investigation on an 
adjacent property located at 4405 Keystone, Vantage Point Cleaners was listed as a potential source of 
contamination (EPA 2013).  
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No documented remedial actions have been performed at this property to date.  

Thomas Caterers of Distinction  
The property located northwest of Tuchman Cleaners contained a former rug cleaner and dry cleaner prior 
to 1970 and currently operates as a catering facility. The facility is located at 4440 North Keystone Avenue, 
Indianapolis. In January 2010, Thomas Caterers of Distinction contracted an environmental consultant to 
conduct a Phase II Environmental Investigation on its property. Analysis of the groundwater collected from 
all monitoring wells indicated elevated levels of PCE and TCE in the wells, and all soil samples contained PCE. 
Soil samples that were obtained on the property during the IDEM site investigation revealed elevated levels 
of PCE as high as 0.160 milligrams per kilogram (mg/kg) (EPA 2013).  

No documented remedial actions have been performed at this property to date.  

Purtee Plating  
Purtee Plating has historically operated as both metal plating and automotive repair/restoration businesses. 
The property is located northwest of the groundwater plume at 2300‐2306 East 44th Street, Indianapolis, 
Indiana. On March 24, 2006, IDEM staff conducted an inspection at the facility in response to a complaint 
alleging that nine drums of nickel plating wastes were abandoned at the property. The inspection revealed 
that the drums were present, and the owner was required to dispose of them. A series of investigations 
were conducted on the property showing elevated levels of PCE, cis‐1,2 DCE, and various metals in the soils. 
The concentrations of PCE and TCE detected in the groundwater indicated that the groundwater on the 
property was being impacted by upgradient sources since concentrations were higher in wells upgradient of 
the property and downgradient of a potential source of PCE and TCE (Tuchman Cleaners) (EPA 2013). 

No documented remedial actions have been performed at this property to date.  

Imperial 1‐Hour Cleaners  
In 2011, IDEM collected subsurface soil and groundwater samples from the property located at 2248 East 
38th Street. A historical records search revealed that Imperial 1‐Hour Cleaners operated at this address 
from approximately 1972 to 1982. The building in which the former laundry operated on the western side 
is still standing and is currently a mosque. Soil and groundwater samples were collected from two borings 
placed on the east side of the building, downgradient of former laundry operations. This property is 
approximately 1,170 feet southeast of municipal well FC2, the most severely impacted municipal well in 
the FCWF (IDEM 2012).  

PCE and TCE were detected in groundwater samples collected. In subsurface soils, no contaminants were 
detected at levels greater than three times background or, if not detected in background samples, greater 
than the quantitation limit (IDEM 2012).  

No documented remedial actions have been performed at this property to date.  

S & K Laundry 

S & K Laundry operated a laundromat and dry cleaning facility at 2321 East 38th Street from approximately 
1963 to 1999. In 2011, IDEM collected subsurface soil and groundwater samples from the property along the 
east side of the building. The placement of the samples collected were assumed to be on the downgradient 
side of the building in regards to groundwater flow direction. This property is approximately 1,760 feet 
southeast of municipal well FC2 (IDEM 2012). The building in which the former laundry operated is still 
standing and is currently a check cashing business. 
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PCE, TCE, and cis‐1,2‐DCE were detected in each of the three groundwater samples collected. PCE, TCE, and 
cis‐1,2‐DCE were detected at concentrations as high as 23 µg/L, 1.5 µg/L, and 2.1 µg/L, respectfully. PCE, TCE 
and cis‐1,2‐DCE were detected in subsurface soils at concentrations as high as 810 micrograms per kilogram 
(µg/kg), 22 µg/kg, and 78 µg/kg, respectfully (IDEM 2012).  

No documented remedial actions have been performed at this property to date. 

10.4 Sampling Rational 
Based on the current understanding of the site history, geology, and hydrogeology, a phased investigative 
sampling approach has been developed for the RI. A brief description of each phase and its objectives is 
presented in the following paragraphs, and a more detailed description of site activities is presented in 
Worksheet #17. Current potential Phase 1 sample locations are shown in Figure 2. No samples are currently 
planned to be collected at the former S & K laundry property due to its distance from the known center of 
the VOC plume in groundwater and because it is hydraulically upgradient of the Lumberman location. 
However, soil and groundwater samples may be collected at this property if results of the RI indicate 
impacts from this location. 

Phase 1 
The purposes of Phase 1 are two‐fold: (1) collect soil and groundwater samples in the area where the 
releases are suspected in an effort to identify specific source locations; and (2) expeditiously collect 
groundwater grab samples across the area historically modeled as the Keystone Corridor plume in an effort 
to identify the gross extent of the current plume.  

During Phase 1, soil borings will be completed at six of the seven potential source properties, along with 
properties downgradient for the purpose of collecting soil samples for source characterization, lithology 
information, field screening with a photoionization detector (PID), and groundwater grab sampling. A total 
of 18 sample locations will be installed throughout the potential source properties, and 20 additional sample 
locations will be installed in downgradient areas. 

Existing monitoring wells throughout the area will be located and evaluated for use during the RI. Existing 
monitoring wells included in the RI will be resurveyed, and wells will be redeveloped, as needed, in 
preparation for sampling these wells in Phase 2. 

Phase 2 
Phase 2 has two main objectives: (1) install and sample new and existing permanent groundwater 
monitoring wells in an effort to define the extent of the groundwater plume, and (2) collect samples to 
assess ecological and human health risk. The information collected in this phase will become the basis for 
the RI report. 

Up to 20 new paired monitoring wells (10 wells in the shallow portion of the outwash aquifer and 10 in the 
deep outwash aquifer) will be installed to delineate the extent of the groundwater plume based on the 
results of Phase 1. One synoptic water level gauging event will be completed using approximately 60 wells 
(up to 20 newly installed wells and 40 existing monitoring wells) to characterize the hydrogeology of the site 
(groundwater flow direction and gradient). Additionaly, in situ aquifer (“slug”) tests will be performed in 
5 monitoring wells to evaluate the transmissivity and hydraulic conductivity of the outwash aquifer. 
Groundwater samples from up to 60 monitoring wells and 12 private water supply wells will be collected 
during Phase 2 to assess the extent of the VOC groundwater plume. 
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Up to 10 pore water samples and 10 surface water samples will be collected from Fall Creek. The samples 
collected will be used to assess the potential risk associated with groundwater VOCs that may be migrating 
into Fall Creek.  

Phase 3 
Phase 3 has one main objective, the collection of data to support the human health risk assessment. 
Activities in Phase 3 will focus on the collection of soil gas data and soil samples at potential source areas. 

The results of Phases 1 and 2 will be used to plan and execute Phase 3. Phase 3 will include the 
advancement of soil borings at potential source properties, and the collecion of soil gas samples for rapid 
assessment of six VOCs through use of HAPSITE gas chromatograph (GC)/mass spectrometer (MS) 
technology.  

Soil gas will be analyzed at up to 80 locations to determine the extent of areas within the site exhibiting 
potential VI risk. An additional 8 soil gas samples (one additional sample from 8 locations) will also be 
collected to evaluate the vertical soil gas profile; up to 8 (10 percent of the lcoations) confirmatory soil gas 
samples will be collected for fixed laboratory analysis using Summa canisters. Biodegradation parameters 
(oxygen, carbon dioxide, and methane) will be measured in soil gas at each location in the field after 
performing the helium leak test. 

Up to 5 borings will be installed at 6 of the 7 potential source areas to collect soil samples for the primary 
purpose of assessing potential human health risk. Soil borings will be installed in the vadose zone and 
samples will be collected generally from 0 to 2 feet bgs (current scenarios) and 2 to 10 feet bgs (future 
scenario).  

10.5 Project Decision Conditions (“If..., then...” statements) 
Field data collection activities will be completed in phases with each subsequent phase relying on the data 
results from the previous phase. As the current degree of VOC contamination at the potential source 
areas and the extent of the groundwater plume are not completely known, the initial phase will 
investigate six of the seven potential source areas and expand to areas crossgradient and downgradient of 
the properties. The results of Phase 1 will be used to install monitoring wells focusing on delineation of 
the groundwater plume during Phase 2, and data needed to complete focused risk assessments during 
Phases 2 and 3.  

Phase 1 
At six of the seven properties and at locations downgradient of the potential source areas, initial soil borings 
will be installed with a sonic drill rig to a depth immediately above bedrock, approximately 80 feet bgs. 
Continuous cores will be logged and screened with a PID by the project geologist to develop a better 
understanding of the subsurface lithology, identify the depth of the intermediate clay layer and interbedded 
sand lenses, and evaluate possible VOC impacts of soil to be sampled.  

Following the installation of initial soil borings installed for the purpose of obtaining lithological information 
and screening of soils for VOCs, additional soil borings will be installed at six of the seven properties studied 
in this RI and in downgradient areas for the purpose of collecting soil and groundwater grab samples. Soil 
and groundwater grab samples will be collected for laboratory analysis of target compound list (TCL) VOCs. 
Figure 2 shows the approximate location of subsurface drilling and sampling locations; however, the final 
location of Phase 1 borings may change due to access constraints. 

Soil logging will be completed from the ground surface to the bottom of the outwash aquifer (approximately 
80 feet bgs). Soil samples will be collected from the shallow (0 to 25 feet bgs) and deep (60 to 80 feet bgs) 
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portions of the soil column at select locations spaced across the extent of the potential source area and 
immediately downgradient of the potential source area. If soil screening indicates a visual impact, olfactory 
impact, or an elevated PID reading within a specific depth interval, then a collected soil sample will be 
biased to that depth. If soil screening does not indicate a potential depth interval of VOC‐impacted soil, a 
soil sample will be collected from approximately the midpoint of the portion of the soil column to be 
sampled (for example 12 feet bgs for the shallow and 70 feet bgs for the deep). If soil screening indicates 
potentially impacted soils in the clay and interbedded sand units of the intermediate portion of the soil 
column, up to 2 samples may be collected from each selected boring location from potentially impacted 
soils.  

Groundwater grab samples will be collected at potential source areas and locations cross‐ and 
downgradient. The groundwater grab sampling will include a vertical component by collecting samples in 
the shallow and deep portions of the aquifer at each location. In addition, a groundwater grab sample will 
be collected from the interbedded sand and clay units of the intermediate zone at approximately 
11 locations. If soil screening indicates a potentially impacted interval, a groundwater grab sample will be 
collected from that interval. If evidence of potentially impacted soils is not observed in a soil boring, 
groundwater grab samples will be collected from an approximate 2‐foot interval near the midpoint of each 
portion of the aquifer to be sampled. The sample interval may be increased based on conditions of the 
formation (that is, silt‐ and clay‐rich soils). 

A search of existing monitoring wells will be completed, and if existing wells are found and access is 
obtained for these wells, each well will be sounded and the integrity of the well will be evaluated. 
If monitoring wells are located and found to be useable at locations and depths suitable to support the goals 
of the RI, the monitoring wells will be incorporated in the Phase 2 groundwater elevation synoptic and 
groundwater sampling events. If the well is found to be in useable condition, but the depth to bottom is 
shallower than what is reported in well construction logs, the well will be redeveloped to remove possible 
sediment at the bottom of the well. 

Phase 2 
The results from the soil and groundwater grab sampling in Phase 1 will be used to identify locations to 
install monitoring wells in Phase 2. Groundwater samples will be collected from newly installed monitoring 
wells along with existing monitoring wells for laboratory analysis of TCL VOCs. A subset of samples will be 
analyzed for 1,4‐dioxane, a preservative of 1,1,1‐TCA. Samples will also be collected from select monitoring 
wells for analysis of monitored natural attenuation (MNA) parameters, which will include sulfate, chloride, 
nitrate/nitrite, total iron and ferrous iron, sulfide, total organic carbon (TOC), and alkalinity.  

Pore water and surface water samples will be collected from within Fall Creek to support the human health 
risk assessment (HHRA)1 and ecological risk assessment (ERA). Pore water and surface water samples will be 
sent for laboratory analysis of TCL VOCs, as follows:  

 Monitoring wells will be installed to delineate the extent of the VOC groundwater plume. Monitoring
wells will be installed at locations based on the results of the Phase 1 groundwater grab samples.
Ten monitoring wells are planned to be installed in the shallow portion of the outwash aquifer and
10 wells in the deep portion of the outwash aquifer. If results of the groundwater grab samples suggest
that the plume is primarily in one portion of the aquifer, then a greater proportion of monitoring wells
may be installed in that portion of the aquifer. If substantial sand layers are identified in the

1 Pore water samples will not be used in the HHRA.
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intermediate portion and contain elevated VOCs based on the Phase 1 results, monitoring wells may be 
installed within the intermediate portion of the aquifer.  

 If existing wells are in areas that would support the investigation and are in sound condition, these
monitoring wells will be incorporated into the RI.

 If the groundwater plume is observed to intersect Fall Creek, then pore water and surface water
samples will be collected from areas of the river that are shown to be intersected based on the results of
the Phase 2 groundwater grab sampling event.

Phase 3 
Phase 3 has one main objective, the collection of data to support the HHRA. 

Activities in Phase 3 will focus on the collection of soil gas data and soil samples at potential source areas. 
Soil samples will be sent for laboratory analysis of TCL VOCs. Soil gas samples will be analyzed for VOCs in 
the field through use of a HAPSITE GC/MS, and a subset of soil gas samples will be sent for fixed laboratory 
analysis of VOCs, as follows: 

 Results of the Phase 1 soil samples and Phase 1 and 2 groundwater samples will be used to determine if
the six potential source areas have definable VOC‐impacted soils and may be characterized as source
areas. At each of the six properties that are suspected of being a potential source area, five soil borings will
be installed for the purpose of collecting surface (0 to 2 feet bgs) and subsurface soil (2 to 10 feet bgs)
samples. At the potential source area(s), soil logging will be completed from the ground surface to
10 feet bgs. If results of the Phase 1 soil sampling activities indicate areas of potentially impacted soil, soil
borings installed during Phase 3 and sample intervals will be biased towards those locations and depths.

 If historical documents indicate areas of suspected storage, usage, or release of chlorinated VOCs, soil
borings will be biased to those areas. If results of the Phase 1 soil sampling activities do not indicate
potentially impacted soils, and historical documents do not suggest potential sources of chlorinated
VOCs, then soil borings at these properties will be installed in a random grid across the property.

 If soil screening indicates a visual impact, olfactory impact, or a sustained PID reading of greater than
10 ppb volume, then a soil sample will be collected at that depth. If soil screening does not indicate a
potential depth interval of VOC‐impacted soil, then a soil sample will be collected from approximately
the midpoint of the interval to be sampled.

 A soil gas investigation will be performed at the site to delineate site‐related VOC concentrations in soil
gas within the potential source areas, primarily to the north of the site. Available site information such
as the location of potential VOC source areas, historical groundwater and soil VOC concentrations, utility
corridor maps, residential and commercial land uses, and previous VI sampling data will be used to
identify the areas of interest with the greatest potential for VI. Soil gas sampling will be performed in
these areas initially, and if elevated soil gas concentrations are detected above VI screening levels, then
step out locations will continue until the extent of the area(s) where soil gas is below VI screening levels
is determined. Up to 80 sample locations are planned. If the soil gas plume is smaller than anticipated,
then fewer locations may be completed.
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Worksheet #11—Project/Data Quality Objectives 
 

Table 11‐1. Data Quality Objectives 

DQO 
# 

Step 1: Statement of 
Problem 

Step 2: Identify 
Goals of the 

Study 
Step 3: Identify 

Information Inputs  Step 4: Define Boundary Studies 
Step 5: Develop Analytical 

Approach 

Step 6: Specify 
Performance or 

Acceptance Criteria 
Step 7: Develop Plan for 

Obtaining Data 

1  Chlorinated VOCs have 
been detected in 
groundwater at 
concentrations exceeding 
the EPA MCLs. 
In addition, VOCs have 
been been detected in six 
municipal water supply 
wells downgradient of the 
site.The nature and 
extent of the 
groundwater plume has 
not been defined. 

Seven commercial 
properties have had 
documented 
VOC‐impacted soils. An 
HHRA is required to 
estimate the potential 
level of risk to human 
health associated with 
these areas. 

Characterize the 
nature and 
delineate the 
extent of the 
current VOC 
plume in 
groundwater.  

Identify if each of 
the six potential 
source area 
properties are a 
source of the 
VOCs in 
groundwater.  

Collect soil 
samples at each 
property 
identified as a 
potential source 
area to support a 
HHRA.  

Collect groundwater 
grab samples, 
groundwater samples 
from monitoring 
wells, and residential 
water supply wells, 
for VOC analyses. 

Collect soil samples 
from each potential 
source area for VOC 
analyses. 

Review existing data 
from samples 
previously collected 
from water supply 
wells and existing 
monitoring wells. 

Stratigraphic 
logs/cross‐sections 
and well construction 
diagrams. 

The depicted plume, based on 
the HRS Documentation Record 
for the site, currently measures 
approximately 4,500 feet long 
(north to south) and 
approximately 1,500 feet wide 
(east to west). The study area 
encompasses an urban area with 
a mix of residential, commercial, 
and industrial properties.  

The center of the Keystone Site 
is designated as the intersection 
of Keystone Avenue and East Fall 
Creek Parkway North Drive, and 
the site is approximately 
bounded on the north by 
45th Street, on the west by 
Norwaldo Avenue, on the south 
by 38th Street, and on the east 
by Eastern Avenue 

The vertical extent of the study 
will extend from ground surface 
to the top of the carbonate 
bedrock (approximately 
80 feet bgs).  

Install soil borings for 
lithological descriptions and to 
determine sample intervals. 

Forty‐seven groundwater grab 
and 26 soil samples will be 
analyzed for TCL VOCs.  

Sixty groundwater samples from 
monitoring wells and 12 samples 
from private water supply wells 
will be analyzed for TCL VOCs. 

Ten groundwater samples will 
be analyzed for 1,4‐dioxane, a 
chemical used to preserve 
1,1,1‐TCA. 

Twenty groundwater samples will 
be analyzed for MNA parameters 
to assess MNA as a remedial 
option. MNA parameters will also 
be used to assess the influence of 
incomplete biodegradation of the 
chlorinated hydrocarbons. The 
parameters include sulfate, 
chloride, nitrate/nitrite, total iron 
and ferrous iron, sulfide, TOC, and 
alkalinity.  

Water quality parameters 
(temperature, pH, dissolved 
oxygen [DO], specific 
conductance [SpC], oxidation‐
reduction potential [ORP], and 
turbidity) will be measured in 
the field from the wells.  

A PID will be used to screen 
soils for VOCs.  

Refer to Worksheet #17. 

Refer to Worksheets 
#24, #28, and #36 for 
acceptance and 
performance criteria.  

Laboratory data are 
considered usable if 
data validation criteria 
are met (refer to 
Worksheet #37 for 
data usability criteria). 

Phased investigation approach, 
including the installation of 
monitoring wells and soil 
borings for the purpose of 
collecting groundwater and soil 
samples for TCL VOC analyses.  

Phase 1 Collection of 
groundwater grab and soil 
samples from up to three 
depth intervals at 38 locations.  

Phase 2 Installation of 
20 monitoring wells and 
sampling of approximately 
60 groundwater monitoring 
wells and 12 private wells 
across the groundwater plume 
area.  

Phase 3 up to 5 soil borings 
installed at 6 of the 7 potential 
source areas. Soil samples to 
be collected from the 0‐ to 2‐ 
and 2‐ to 10‐foot intervals to 
support the HHRA.  
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DQO 
# 

Step 1: Statement of 
Problem 

Step 2: Identify 
Goals of the 

Study 
Step 3: Identify 

Information Inputs  Step 4: Define Boundary Studies 
Step 5: Develop Analytical 

Approach 

Step 6: Specify 
Performance or 

Acceptance Criteria 
Step 7: Develop Plan for 

Obtaining Data 

2  Previous investigations 
have identified 
chlorinated VOCs in the 
groundwater underlying 
the commercial areas. 
The commercial area has 
not been completely 
evaluated for VI risk.  

It is unknown if the VOCs 
in groundwater extend to 
the adjacent residential 
areas. VI issues have been 
identified in residential 
areas adjacent to the site 
but have not been 
connected to the site. 

The goal is to 
identify areas 
where VOCs in 
soil gas or utility 
corridors may 
result in potential 
VI risk.  

Historical 
groundwater and soil 
VOC concentrations, 
previous vapor 
intrusion sampling 
data, and 
groundwater results 
from Phases 1 and 2.  

Soil gas VOC 
concentrations from 
up to 80 locations.  

Vertical profile soil gas 
sampling.  

Land use/zoning maps 
that provide 
information about 
commercial vs. 
residential building 
uses. Aerial 
photographs, etc., 
that provide 
information about the 
location of buildings. 

The depicted groundwater 
plume, based on the HRS 
Documentation Record for the 
site, currently measures 
approximately 4,500 feet long 
(north to south) and 
approximately 1,500 feet wide 
(east to west). The study area 
encompasses an urban area with 
a mix of residential, commercial, 
and industrial properties. 
Standard practice is to consider 
an inclusion zone at least 100 
feet laterally or vertically from 
the boundary of subsurface 
vapor concentrations of 
potential concern, with longer 
distances potentially in utility 
corridors.  

The center of the Keystone Site 
is a designated as the 
intersection of Keystone Avenue 
and East Fall Creek Parkway 
North Drive and the site is 
approximately bounded on the 
north by 45th Street, on the 
west by Norwaldo Avenue, on 
the south by 38th Street, and on 
the east by Eastern Avenue 

The vertical extent of the study 
will extend to the top of the 
capillary fringe, approximately 
17 feet bgs, as well as 
considering groundwater 
information collected from at or 
near the water table. 

The soil gas samples field 
analyzed for VOCs using 
HAPSITE GC/MS to analyze 
6 constituents (PCE, TCE, 1,1,1‐
TCA, cis‐1,2‐DCE, trans‐1,2‐
dichloroethene, vinyl chloride)  

Confirmatory soil gas samples 
collected at a frequency of 
10 percent and analyzed for 
VOCs by method TO‐15. 

Field measurements of 
biodegradation parameters 
(oxygen, methane, and carbon 
dioxide) will be collected from 
each probe. 

Vapor Intrusion concerns will be 
analyzed based on a multiple 
lines of evidence approach 
consistent with EPA 2015 
guidance. 

Refer to Worksheet #17. 

Refer to Worksheets 
#24, #28, and #36 for 
acceptance and 
performance criteria.  

Laboratory data are 
considered usable if 
data validation criteria 
are met (refer to 
Worksheet #37 for 
data usability criteria). 

Historical groundwater and soil 
VOC concentrations, previous 
VI sampling data, utility maps, 
land use/zoning maps, aerial 
photographs, and groundwater 
results from Phases 1 and 2 
will be used to determine soil 
gas sample locations. 
Soil gas sampling will be 
performed in suspected areas of 
elevated soil gas concentrations 
and will continue stepping out 
from them until the extent of 
the area(s) where soil gas VOC 
concentrations exceed 
screening levels are identified or 
available time/funding is 
exhausted. Temporary soil gas 
probes will be installed during 
Phase 3 at a depth below 
5 feet, preferably below 8 feet 
but above the capillary fringe 
at up to 80 locations. Soil gas 
probes will be installed 
vertically above the capillary 
fringe. Eight locations will be 
sampled at 2 depths in offset 
borings to evaluate the vertical 
soil gas profile. Shallow depths 
will be at least 5 feet and 
preferably 8 feet to represent 
basement depths. Deeper 
location should be just above 
the water table and capillary 
fringe. Up to 88 soil gas samples 
will be analyzed for 6 VOCs 
through HAPSITE GC/MS field 
analysis. Confirmatory soil gas 
samples will be collected at a 
frequency of 10 percent for 
laboratory analysis by Method 
TO‐15.  
Refer to Worksheet #17 for 
details on the sample 
collection design and rationale. 
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DQO 
# 

Step 1: Statement of 
Problem 

Step 2: Identify 
Goals of the 

Study 
Step 3: Identify 

Information Inputs  Step 4: Define Boundary Studies 
Step 5: Develop Analytical 

Approach 

Step 6: Specify 
Performance or 

Acceptance Criteria 
Step 7: Develop Plan for 

Obtaining Data 

3  VOCs in the groundwater 
could potentially 
discharge to Fall Creek at 
concentrations that may 
pose a risk to ecological 
and human receptors. 

The goal is to 
complete a 
groundwater to 
surface water 
evaluation to 
support the 
development of 
an ERA and 
HHRA.  

Data from Phase 1 will 
be evaluated to 
identify up to 10 pore 
water/surface water 
sample locations from 
Fall Creek.  

The extent of the river 
intersected by the VOC 
groundwater plume.  

The vertical extent of the study 
will extend to approximately 
1 foot below the top of the 
creek bed.  

Pore water and surface water 
samples will be analyzed for TCL 
VOCs.  

Water quality parameters 
(temperature, pH, DO, total 
dissolved solids, SpC, ORP, and 
turbidity) will be measured in 
the field from each well point 
and surface water directly 
adjacent to well point. 

Refer to Worksheet #17. 

Refer to Worksheets 
#24, #28, and #36 for 
acceptance and 
performance criteria.  

Laboratory data are 
considered usable if 
data validation criteria 
are met (refer to 
Worksheet #37 for 
data usability criteria). 

Data from Phase 1 will be 
evaluated to identify up to 
10 pore water sample locations 
and 10 surface water sample 
locations within Fall Creek. 
Locations will be selected in 
areas where Fall Creek 
intersects the VOC 
groundwater plume.  

Refer to Worksheet #17 for 
details on the sample 
collection design and rationale. 

DQO = data quality objective 
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Who will use the data? 
The data will be used by CH2M, EPA, IDEM, and SSPA. 

What will the data be used for?  
Groundwater, soil, pore water, surface water and soil gas sample collection and field analysis, and other 
associated RI activities will be conducted to evaluate the nature and extent of VOC contaminants, fill data 
gaps necessary to complete the physical site conceptual model, and assess potential impacts on human 
health and ecological receptors.  

Phase 1 Subsurface Soil and Groundwater Grab Sampling  
Phase 1 will entail the collection of lithology information, groundwater grab samples, and soil samples from 
subsurface soil borings. Soil borings will be installed at six of the seven potential source area properties and 
at locations downgradient of the potential source areas. Continuous cores will be logged and screened with 
a PID by the project geologist to develop a better understanding of the site geology and VOC impacts to be 
sampled. 

Soil borings will be advanced through the aquifer and samples will be collected from three general intervals 
from ground surface to the top of bedrock (approximately 80 feet bgs). Data collected during Phase 1 will be 
used to evaluate whether the potential source areas contain impacted soils and groundwater that may 
warrant further sample collection during Phases 2 and 3. Further sampling at these properties will be 
conducted if elevated VOCs are detected to evaluate risk and to determine extent of contamination at these 
properties. Groundwater grab samples collected from both the potential source areas and downgradient 
locations will be used to determine the approximate extent of the VOC groundwater plume.  

Phase 2 Groundwater and Pore Water / Surface Water Sampling  
Phase 2 primarily involves installing groundwater monitoring wells, collecting samples from Fall Creek, and 
completing a hydrogeologic study.  

Monitoring well pairs (shallow and deep) will be installed and groundwater samples will be collected from 
newly installed monitoring wells, existing monitoring wells, and private water supply wells. Groundwater 
samples will be collected to provide a horizontal and vertical profile of the overall groundwater plume in the 
outwash aquifer. 

Collocated pore water and surface water samples will be collected from within Fall Creek. The results of 
these samples will be used to assess the level of risk to potential receptors and will be the basis of the ERA 
and will support the HHRA.2  

Water levels collected from surveyed monitoring wells will be used to characterize the hydrogeology of the 
site (groundwater flow direction and magnitude). Slug tests will be performed at five monitoring wells to 
evaluate the transmissivity and hydraulic conductivity of the outwash aquifer. Results of the hydrogeologic 
study will be used evaluate site hydrogeology and contaminant migration in the RI report and to evaluate 
remedial alternatives.  

2 Pore water samples will not be used in the HHRA.
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Phase 3 Soil Gas and Soil Sampling  
Soil gas samples will be collected from temporary soil gas probes installed within areas where the potential 
for elevated VOC levels in soils exists, primarily focused near the northern potential source area properties, 
and extend away from these areas to delineate to the extent possible the lateral extent of areas exceeding 
vapor intrusion screening levels (VISLs). Soil gas samples will be collected from temporary probes and 
analyzed in the field using a HAPSITE GC/MS. Two samples will be collected from within offset boreholes at 
different depths at eight locations to create a vertical profile of soil gas. Soil gas results will be used in 
conjunction with groundwater, stratigraphic, and other lines of evidence to assess whether additional VI 
studies are warranted. Confirmatory soil gas samples will be sent for fixed laboratory analysis at a frequency 
of 10 percent.  

Soil samples will be collected from within potential source areas as identified based on the Phase 1 
sampling event. Soil borings will be installed at six of seven potential source areas for the purpose of 
collecting soil samples. Soil data will be used to evaluate VOC concentrations in soils at the potential 
source area and to evaluate potential human health and ecological risk (bulk soil samples are not 
generally considered an important line of evidence for VI, but they are used for the evaluation of other 
pathways such as direct contract).  

What types of data are needed? 

Task 
Sampling 

Activity/Objective 

Sampling 
Frequency/ 
Duration  Matrix  Parameters 

Groundwater VOC 
Plume 
Characterization 

Groundwater 
Sampling (Refer to 
DQO #1) 

Phases 1 and 2  Groundwater  TCL VOCs, 1,4‐dioxane, sulfate, chloride, 
nitrate/nitrite, total iron, sulfide, TOC, 
alkalinity (analytical laboratory), pH, 
temperature, ferrous iron, DO, specific 
conductance, ORP, and turbidity (field 
screening) 

Groundwater Flow 
Characterization 

Characterize the 
hydrogeology of the 
site 

Phase 2  Groundwater  Measure groundwater water levels to 
calculate flow direction and gradient. 
Complete slug tests to determine aquifer 
transmissivity and conductivity 

Pore and Surface 
Water 

Pore and surface 
water sampling 
(Refer to DQO #3) 

Phase 2  Sediment Pore 
and Surface 
Water 

TCL VOCs (analytical laboratory), 
temperature, pH, DO, total dissolved solids, 
SpC, ORP, and turbidity (field screening) 

Soil Gas  Soil gas sampling 
(Refer to DQO #2) 

Phase 3   Soil Gas  VOCs (analytical laboratory), VOCs, 
methane, oxygen, and carbon dioxide (field 
screening); helium leak check 

Soil  Soil sampling(Refer 
to DQO #1) 

Phases 1 and 3  Soil  TCL VOCs (analytical laboratory)/field 
screening of soils with a PID 

How “good” do the data need to be in order to support the 
environmental decision? 
The data should meet the project criteria as specified in QAPP Worksheets #15‐1 through #15‐8 and the QC 
requirements that are explained in QAPP Worksheet #37. 
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Worksheet #15 presents analytical methodology and limits. In addition to listing the particular analytes, 
screening levels, and limits, the table identifies where quantitation limits (QLs) or MDLs are greater than 
project action limits (PALs). Although the information was taken into consideration when planning analytical 
protocol for the site and could lead to some uncertainty, it does not prevent conclusions from being drawn 
with respect to the project objectives for the following reasons: 

 Even though some QLs are greater than the respective screening levels, MDLs are closer to and could be
less than the applicable PALs. The laboratory instrumentation would likely detect a constituent if
present at a concentration greater than its MDL, and such a result would be reported as estimated
because it is less than the QL.

 If a particular analyte has a QL or MDL greater than a screening level and there are sufficient other
analytes in the same constituent group that would likely be detected with a QL or MDL less than the
screening values, then determinations for further action at the site can be made with sufficient
confidence.

 Standard EPA methods are proposed, which often have PALs below QLs due to the low target risk levels
incorporated into the PALs.

 The analytes with PALs below the QLs are not expected to be related to releases from the site.

Definitive data are defined as data that are suitable for final decision making. They are generated using 
rigorous analytical methods such as approved EPA CLP methods. Definitive data are not restricted in their 
use unless quality problems require data qualification, resulting in unusable data. For this project, screening 
level data quality will be defined as definitive data methods where field related QA/QC will not be collected 
to support the results; therefore, the data will not be as rigorous as definitive data requirements. 

Analytical field data such as turbidity, redox potential, and other water quality readings and air 
biodegradation readings collected during soil gas sample collection will be screening level data only. 
In addition, MNA parameters will be collected to assess the general groundwater reductive conditions and 
will not require additional QA/QC analysis.  

How many data are needed? (Number of samples for each 
analytical group, matrix, and concentration) 
Worksheet #17 (Sampling Design and Rationale) describes the field investigation activities. Worksheet #18 
(Sampling Locations and Methods) summarizes the number of samples and the analytical parameters. 

Where, when, and how should the data be collected/generated?  
Detailed information on where, when, and how the data will be collected is provided in Worksheets #17 
and #18. 

Who will collect and generate the data?  
For soil gas, pore water, surface water, groundwater, and soil sampling, CH2M will collect environmental 
samples. Soil gas samples will be analyzed in the field by CH2M through use of a HAPSITE GC/MS and 
confirmatory samples will be sent to a fixed laboratory at a frequency of 10 percent. The subcontracted 
analytical laboratory will generate the data results for all samples except for field analysis of soil gas, 
groundwater quality parameters (pH, temperature, DO, specific conductance, ORP and turbidity), ferrous 
iron, and biodegradation parameters (oxygen, carbon dioxide, and methane). The laboratory standard 
operating procedures (SOPs) will be provided in Appendix B of the final version of this QAPP. 
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How will the data be reported?  
The data will be reported to EPA in accordance with procedures outlined in Worksheet #36. Electronic (such 
as database management system) data will be stored by CH2M for 10 years after contract completion. CH2M’s 
scope does not include community relations, risk communication, or communicating results to property 
owners. CH2M will refer property owner and community inquiries to EPA. 

How will the data be archived?  
The final evidence file will be the central repository for documents that constitute evidence relevant to 
sampling and analysis activities. CH2M will be the custodian of the evidence file and will maintain the contents 
of the evidence files for the project, including relevant records, reports, logs, field notebooks, sketches, 
pictures, contractor reports, and data reviews, in a secured area with limited access. CH2M will keep records 
for 10 years after contract completion. As necessary, records may be transferred to an offsite records storage 
facility. The records storage facility must provide secure, controlled access records storage. 
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Worksheet #12—Measurement Performance 
Criteria 
The measurement performance criteria (MPC) for chemical analyses being performed for each matrix and 
analytical parameter are summarized in Table 12‐1 on the following page. The MPCs follow those defined in 
the referenced EPA method or laboratory SOPs. The quality of the data to be collected for this project will be 
verified through appropriate MPCs established for both sampling procedures and analytical methods. 
The criteria relate to data quality indicators (DQIs), consisting of precision, accuracy, representativeness, 
comparability, completeness, and sensitivity, commonly referred to as PARCCS parameters. The DQIs are 
defined as follows: 

 Precision refers to the reproducibility of measurements. Precision is usually expressed as standard
deviation, variance, percent difference, or range, in either absolute or relative terms.

 Accuracy refers to the degree of agreement between an observed value (such as sample results) and an
accepted reference value. A measurement is considered accurate when the reported value agrees with
the true value or known concentration of the spike or standard within acceptable limits.

 Representativeness describes the extent to which a sampling design adequately reflects the
environmental conditions of a site. Representativeness is determined by appropriate program design,
with consideration of elements such as proper well locations, drilling and installation procedures,
operations process locations, and sampling locations.

 Comparability addresses the degree to which different methods or data agree or can be represented as
similar. Comparability is achieved by using standard methods for sampling and analysis, reporting data
in standard units, normalizing results to standard conditions, and using standard and comprehensive
reporting formats.

 Completeness is a measure of the amount of valid data collected using a measurement system.
Completeness is expressed as a percentage of the number of measurements that are specified in this
UFP QAPP.

 Sensitivity is the ability of a method or instrument to detect the target analytes at the level of interest.
Sensitivity can be measured by calculating the percent recovery of the analytes at the detection limit,
which is the minimum concentration of an analyte that can be routinely identified and quantified above
the MDL by a laboratory.

The quality of the sampling procedures and laboratory results will be evaluated for compliance with project 
DQOs through a review of overall PARCCs (EPA 2009), in accordance with procedures described in 
Worksheet #37 (Data Usability Assessment). The results will be summarized in an overall data usability report. 
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Worksheet #12‐1—Measurement Performance Criteria Table 
Matrix Aqueous 

Analytical Group TCL VOCs

Concentration Level  Trace 

Sampling 
Procedurea  Analytical Method/SOPb 

Data Quality Indicators 
(DQIs)  Measurement Performance Criteria 

QC Sample and/or Activity 
Used to Assess Measurement 

Performance 

QC Sample Assesses Error for 
Sampling (S), Analytical (A) or 

Both (S & A) 

SOP #7 and #14  Laboratory SOP #1   Precision  RPD ± 20%  MS/MSD  A 

RPD ± 30%  FD  S & A 

Accuracy/Bias  ± %  Recovery  LCS, MS  A 

Completeness  > 90% Laboratory Analysis  Percent Completeness  S & A 

Representativeness  Contamination of sample   MB, TB, EB  S & A 

Comparability  Qualitative measure for field sampling 
procedures 

LCS, MS  A 

a Reference number from QAPP Worksheet #21 
b Reference number from QAPP Worksheet #23 
FD = field duplicate, LCS = laboratory control sample, MB = method blank, TB = trip blank, EB = equipment blank, RPD = relative percent difference, MS = matrix spike,  
MSD = matrix spike duplicate  
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Worksheet #12‐2—Measurement Performance Criteria Table 
Matrix Soil 

Analytical Group TCL VOCs

Concentration Level  Low 

Sampling 
Procedurea  Analytical Method/SOPb 

Data Quality Indicators 
(DQIs)  Measurement Performance Criteria 

QC Sample and/or Activity 
Used to Assess Measurement 

Performance 

QC Sample Assesses Error for 
Sampling (S), Analytical (A) or 

Both (S & A) 

SOP #2, and #3   Laboratory SOP #1  Precision  RPD ± 20%  MS/MSD  A 

RPD ± 50%  FD  S & A 

Accuracy/Bias  ± % Recovery  LCS, MS  A 

Completeness  > 90% Laboratory analysis  Percent Completeness  S & A 

Representativeness  Contamination of sample  MB, TB, EB  S & A 

Comparability  Qualitative measure for field sampling 
procedures or extract with a 
constituent of concern 

LCS, MS  A 

a Reference number from QAPP Worksheet #21 
b Reference number from QAPP Worksheet #23 
FD = field duplicate, LCS = laboratory control sample, MB = method blank, TB = trip blank, EB = equipment blank, RPD = relative percent difference, MS = matrix spike, MSD = matrix spike 
duplicate  
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Worksheet #12‐3—Measurement Performance Criteria Table 
Matrix Soil Gas 

Analytical Group VOCs

Concentration Level  Low  

Sampling 
Procedurea  Analytical Method/SOPb 

Data Quality Indicators 
(DQIs)  Measurement Performance Criteria 

QC Sample and/or Activity 
Used to Assess Measurement 

Performance 

QC Sample Assesses Error for 
Sampling (S), Analytical (A) or 

Both (S & A) 

SOP #8  Laboratory SOP #2  Precision  RPD ± 25% if both samples are > 5xRL  FD  S & A 

RPD ± 25% if both samples are > 5xRL  LD  A 

Accuracy/bias  ± %  Recovery  LCS, Surrogates  A 

Completeness  > 90% Laboratory Analysis  Percent Completeness  S & A 

Representativeness  Contamination of sample   MB, AB  A 

Comparability  Qualitative measure for field sampling 
procedures 

LCS  A 

a Reference number from QAPP Worksheet #21 
b Reference number from QAPP Worksheet #23 
FD = field duplicate, LD = laboratory duplicate, LCS = laboratory control sample, MB = method blank, AB = ambient blank, RPD = relative percent difference 
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Worksheet #12‐4—Measurement Performance Criteria Table 
Matrix Aqueous (1,4‐Dioxane) 

Analytical Group SVOCs

Concentration Level  Trace 

Sampling 
Procedurea  Analytical Method/SOPb 

Data Quality Indicators 
(DQIs)  Measurement Performance Criteria 

QC Sample and/or Activity 
Used to Assess Measurement 

Performance 

QC Sample Assesses Error for 
Sampling (S), Analytical (A) or 

Both (S & A) 

SOP #7 and #14  Laboratory SOP #1   Precision  RPD ± 20%  MS/MSD  A 

RPD ± 30%  FD  S & A 

Accuracy/Bias  ± %  Recovery  LCS, MS  A 

Completeness  > 90% Laboratory Analysis  Percent Completeness  S & A 

Representativeness  Contamination of sample   MB, EB  S & A 

Comparability  Qualitative measure for field sampling 
procedures 

LCS, MS  A 

a Reference number from QAPP Worksheet #21 
b Reference number from QAPP Worksheet #23 
FD = field duplicate, LCS = laboratory control sample, MB = method blank, EB = equipment blank, RPD = relative percent difference, MS = matrix spike,  
MSD = matrix spike duplicate  
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Worksheet #12‐5—Measurement Performance Criteria Table 
Matrix Aqueous 

Analytical Group Total Iron

Concentration Level  Low 

Sampling 
Procedurea  Analytical Method/SOPb 

Data Quality Indicators 
(DQIs)  Measurement Performance Criteria 

QC Sample and/or Activity 
Used to Assess Measurement 

Performance 

QC Sample Assesses Error for 
Sampling (S), Analytical (A) or 

Both (S & A) 

SOP #8  Laboratory SOP #3  Precision  RPD ± 25%  LD  S & A 

Accuracy/Bias  ± %  Recovery  LCS  A 

Completeness  > 90% Laboratory analysis  Percent Completeness  S & A 

Representativeness  Contamination of sample   MB,   S & A 

Comparability  Qualitative measure for field sampling 
procedures 

LCS  A 

a Reference number from QAPP Worksheet #21 
b Reference number from QAPP Worksheet #23 
LD = laboratory duplicate, LCS = laboratory control sample, MB = method blank, RPD = relative percent difference,  



UFP QAPP: KEYSTONE CORRIDOR GROUNDWATER CONTAMINATION SITE 
REVISION NUMBER: 0 
REVISION DATE: NOVEMBER 2015 

40   EN0908151012MKE  

Worksheet #12‐6—Measurement Performance Criteria Table 
Matrix Aqueous 

Analytical Group General Chemistryc

Concentration Level  Low 

Sampling 
Procedurea  Analytical Method/SOPb 

Data Quality Indicators 
(DQIs)  Measurement Performance Criteria 

QC Sample and/or Activity 
Used to Assess Measurement 

Performance 

QC Sample Assesses Error for 
Sampling (S), Analytical (A) or 

Both (S & A) 

SOP #8  Laboratory SOP #4, #5, #6, 
#7 

Precision  RPD ± 30%  LD  S & A 

Accuracy/bias  ± %  Recovery  LCS  A 

Completeness  > 90% Laboratory analysis  Percent Completeness  S & A 

Representativeness  Contamination of sample  MB,   S & A 

Comparability  Qualitative measure for field sampling 
procedures 

LCS  A 

Sensitivity  Evidence of shift in instrument 
response or zero setting MDLs 

LCS  A 

a Reference number from QAPP Worksheet #21 
b Reference number from QAPP Worksheet #23 
c General Chemistry for groundwater samples includes the following parameters: alkalinity, chloride, nitrate, nitrite, sulfate, sulfide, and total organic carbon. 
LCS = laboratory control sample, MB = method blank, RPD = relative percent difference, MDL = method detection limit  
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Worksheet #13—Secondary Data Uses and 
Limitations 

Secondary Data Data Source  Data Generator(s)  How Data Will Be Used
Limitations on 

Data Use

Site Inspection  Site Inspection Report for the 
Keystone Corridor Groundwater 
Contamination Site 

IDEM.  Well and soil data, potential for 
VI risk, groundwater 
contaminant concentrations. 

None 

Expanded Site 
Inspection 

Expanded Site Inspection Report 
for the Keystone Corridor 
Groundwater Contamination Site 

IDEM   Well and soil data, potential for 
VI risk, groundwater 
contaminant concentrations. 

None 

Results of the 
Phase II RI  

Phase II RI Report completed at 
the former Tuchman Cleaners 
property 

URSa  Geologic cross‐section, soil 
descriptions to initially plan 
sampling locations and depths. 

Qualitative data 
use only 

Zoning and Land Use 
Maps, Aerial Photos 

Private and government 
databases. 

Various  Identify building location and 
uses to support VI evaluation. 

Qualitative data 
use only 

Historic Site 
Investigations and 
Sample Results 

Various historical site 
investigation and remediation 
reports from local property 
owners as made available.  

Various  Well and soil data, potential for 
VI risk, groundwater 
contaminant concentrations, 
well construction diagrams for 
existing wells, municipal 
groundwater monitoring data. 

Qualitative data 
use only 

a  (URS 2004)
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Worksheets #14 and #16—Project Tasks and 
Schedule 

Field investigation Tasks 

Mobilization 
Prior to field data collection activities, a field office will be setup at the Citizen’s Water facility located within 
the site study boundaries. The EPA Scribe program will be set up for the site and used for field 
documentation of samples collected and for the generation of chains of custodies throughout the RI. 

An investigation‐derived waste (IDW) staging area will also be established at the Citizen’s Water Facility for 
both a frac tank to contain and store liquid IDW and soil roll‐off boxes and/or sludge‐boxes for soil cuttings 
and debris.  

Utility Locates 
Prior to any intrusive field activities, locations will be cleared for subsurface utilities by both contacting the 
Indiana 811 utility locate service and through the use of a private, third‐party locating firm. Utilities at each 
soil boring location will be identified and marked within a 20‐foot radius with paint and or flags. To expedite 
the soil gas delineation event by reducing the number of access agreements needed, soil gas delineation will 
be performed primarily in city right of ways. Utilities will be cleared in large expanses of the right‐of‐ways as 
delineation efforts proceed in each direct to reduce the potential for delays. The Indiana 811 utility locate 
service will be called at least 2 full business days in advance, and all notified utilities will be documented as 
to their clearance. If utilities are found within 5 feet of a proposed drilling location, then the location will be 
moved at least 5 feet outside of the marked utilities. Utility clearance activities will be completed following 
SOP #10. 

Soil Sampling 
Soil borings will be installed within the potential source areas and at downgradient properties using 
rotosonic drilling technologies. Borings in the suspected source areas and north of Fall Creek will be cased 
across the thickness of the upper aquifer and approximately 10 feet into the intermediate clay with a 7‐inch‐
diameter temporary casing to prevent vertical migration of contaminants. 

Soils will be continuously cored and logged, field screened using a PID, and collected for laboratory analysis 
during Phases 1 and 3. Soil samples will be collected during Phase 1 to determine if potential source areas 
are impacted with VOCs. Soil samples will be will be collected from six of the seven potential source areas to 
evaluate risk to human health in the HHRA. Phase 3 soil borings will be installed in the vadose zone and 
samples will be collected generally from 0 to 2 feet bgs (direct contact) and 2 to 10 feet bgs (construction‐
worker scenario). Soil samples will be sent for laboratory analysis under chain of custody. Boreholes will be 
abandoned by pressure grouting with a tremie pipe following Indiana requirements. Each soil sampling 
location will be surveyed by the field team using a survey‐grade (submeter accuracy) handheld global 
positioning system (GPS) unit. Soil samples will be analyzed for TCL VOCs by EPA Method 8260B. Soil 
sampling activities will be completed following SOPs #1 and #2.  

Groundwater Grab Sampling 
Concurrent with the collection of soil sampling in Phase 1, groundwater grab samples will be collected from 
each of the soil borings installed for the purpose of collecting samples. Discrete groundwater grab samples 
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will be collected using a submersible pump from a reusable stainless‐steel screen isolated from the upper 
and lower portions of the borehole/casing. Dedicated polyethylene tubing will be connected to the pump to 
facilitate the collection of samples. The slotted lead steel rod and other downhole equipment including the 
sampling pump will be decontaminated between each sample. Samples will then be collected and kept in a 
cooler with ice until they are shipped under a chain of custody to the subcontracted laboratory for TCL VOC 
analysis. Groundwater grab sampling activities will be completed following SOP #14.  

Monitoring Well Installations  
Conventional monitoring wells will be installed using rotosonic drilling technologies. Monitoring wells will be 
constructed using 2‐inch‐diameter schedule 40 polyvinyl chloride (PVC) casing, with 5 feet of 10‐slot 
(0.01‐inch) machine‐slotted PVC well screen, and sand pack material will be compatibly sized to the well 
screen. Actual screen lengths will be determined based on field observations and may be greater than 
5 feet. Design and construction of the monitoring wells will be in accordance with IDEM well construction 
requirements.  

Borings in the suspected source areas and north of Fall Creek where a significant clay layer in the outwash 
aquifer is suspected, as evident in historical soil boring logs and from initial lithological soil borings installed in 
this RI, will be dual‐cased across the thickness of the upper aquifer and approximately 10 feet into the 
intermediate clay to prevent vertical migration of contaminants. Seven‐inch‐diameter temporary casing will be 
installed at each 6‐inch‐diameter boring in areas where a significant clay layer is observed. Once the temporary 
7‐inch casing is set into the clay layer, the drill rods will be decontaminated, and a 6‐inch boring will be 
completed to the desired depth. The temporary casing will be removed as the annular space between the well 
and the borehole are filled with grout.  

General construction details include installation of sand pack 1 to 2 feet above the well screen, a 2‐foot layer 
of fine filter pack sand, a 1‐ to 2‐foot layer of hydrated bentonite pellets, and pressure grouting of the 
remaining annular space using the tremie pipe method. The grout will consist of neat cement, a bentonite 
slurry or as pelletized, medium‐grade, or coarse‐grade crushed bentonite.  

Monitoring wells will be finished with either a flush mount manhole surface or a protective steel locking 
stickup, depending on conditions at each drilling area. Wells installed will include a concrete pad, locking 
compression cap J‐plug, and keyed alike padlocks. The stickup well completions will also include three 
concrete‐filled protective bollards. Following installation of the monitoring wells, the wells will be developed 
using a combination of a surge block and purging to over‐pump the entire well‐screen interval and the wells. 
Well locations and top‐of‐casing elevation for wells sampled will be surveyed by an Indiana‐licensed 
surveyor. Monitoring well installation activities will be completed following SOP #4. 

Groundwater Sampling 
Groundwater monitoring wells will be sampled using the low‐flow methodology. Each well will be inspected 
upon arrival and checked for damage, missing parts, subsidence, or flooding. Static water levels will be 
measured from the permanent mark on the PVC casing. The wells will be purged with a submersible 
sampling pump, and stabilization parameters will be collected and recorded by a water quality meter and 
water flow‐through cell. Samples will then be collected and kept in a cooler with ice until they are shipped 
under a chain of custody.  

The groundwater samples will be analyzed for TCL VOCs, and a subset of samples will be analyzed for MNA 
parameters, including sulfate, chloride, nitrate/nitrite, total iron and ferrous iron, sulfide, TOC, and 
alkalinity. Ferrous iron will be analyzed in the field through use of a field HACH colorimeter. A subset of 
monitoring wells will also be analyzed for 1,4‐dioxane. Groundwater sampling activities will be completed 
following SOP #7.  
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Residential Private Water Supply Well Sampling 

Groundwater samples will also be collected from private water supply wells on residential properties and 
possible municipal water supply wells. The Indiana GIS databases will be searched for records of water 
supply wells. In addition, historical reports and information obtained by EPA will be searched to identify 
residential properties with documented water supply wells that may be sampled to help determine the 
extent of the VOC groundwater plume. EPA will contact each property owner and obtain a signed access 
agreement prior to entering each property. Each landowner will be interviewed to confirm well and 
plumbing construction details and the location of any water treatment systems. After confirming pipe 
dimensions from the well pump to the sampling location, the well will be run enough to purge the calculated 
volume. Water samples will be collected with the owner of the property present, and samples will be 
collected from a sampling point upstream of water treatment, filters, or water softeners when possible. 
Samples collected from private wells will be completed following SOP #15. Samples will then be collected 
and kept in a cooler with ice until they are shipped under a chain of custody and shipped for laboratory 
analysis of TCL VOCs.  

Pore Water and Surface Water Sampling 
Up to 10 well points manufactured by ECT Manufacturing will be installed within Fall Creek to support the 
ERA. Each well point incorporates an outer and inner screen and riser. The outer screen is constructed of 
2‐inch‐diameter PVC piping with a 12‐inch machine‐slotted screen (0.01‐inch slot size). A pointed well cap is 
attached to the bottom of the outer screened segment, and risers are attached to the screen segment to 
achieve enough overall well point length so the top riser segment extends above the surface water line.  

A 1‐inch‐diameter inner screen and riser is installed within the outer screen. This inner screen consists of a 
12‐inch machine‐slotted area (0.010‐inch slot size) covered by a pre‐packed filter that consists of a metal 
mesh covering filled with coarse sand.  

Each well point will be hammered to depth so that the top of the screens are at least 1 to 2 inches below the 
sediment surface. The outer and inner screens will be purged with a peristaltic pump to remove debris prior 
to collecting a sample. Surface water quality parameters will be measured in the water directly adjacent to 
the pore water sampling locations. Initial (pre‐sampling) water quality parameters will be collected from the 
well point. Water quality parameters are expected to differ in the pore water and the surface water 
environments. This comparison will be used to verify that pore water samples do not consist of surface 
water drawn down through the shallow sediment during pumping. Water quality parameters will include 
temperature, pH, DO, total dissolved solids, SpC, ORP, and turbidity.  

Each sample will be collected by using a peristaltic pump and polyethylene tubing to pull water from the 
sediment layer to the surface. A pore water sample will be collected from each well point for laboratory 
analysis of TCL VOCs. In addition, pre‐ and post‐sampling water quality parameters will be collected.  

A collocated surface water sample will be collected adjacent to each well point 6 inches beneath the top of 
the water level. Surface water samples will be collected from a decontaminated Widco Alpha water 
sampling device or equivalent. Surface water samples will also be sent for laboratory analysis of TCL VOCs. 
Pore water and surface water samples will be collected following SOP #17. 

Each well point will be surveyed by the field team using a survey‐grade handheld GPS unit.  

Soil Gas Probe Installation and Sampling  
Temporary soil gas probes will be installed by a direct‐push technology (DPT) drill rig using the GeoprobeTM 
post‐run tubing (PRT) method. Each temporary soil gas probe will be constructed with an expendable drive 
point, PRT point holder and adapter, and 1.25‐inch‐outer‐diameter drive rods. Quarter‐inch outer‐diameter 
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Teflon tubing is connected to the PRT system to facilitate sample collection from the ground surface. The 
PRT system will be pushed by the DPT rig to an area just above the capillary fringe, approximately 
17 feet bgs, and the probe will be retracted approximately 6 to 12 inches to create an annular space. Eight 
locations will be sampled at 2 depths in the same borehole to evaluate vertical soil gas profile. The sampling 
probe will be pushed initially to a shallow depth, a sample will be collected, and the probe will be pushed 
down to the deeper depth for sample collection in the same borehole. If an obstruction prevents the 
collection of the deeper sample, then an additional borehole will be offset approximately 5 feet and 
reattempted. 

Each soil gas probe will be surveyed by the field team using a survey‐grade handheld GPS unit. 

Following installation of the temporary soil gas probes, each soil gas probe will be helium‐leak checked and 
purged prior to sample collection. Soil gas samples will be collected in Tedlar bags and analyzed in the field 
with a HAPSITE GS/MS for six primary chlorinated VOC constituents. Confirmatory samples will be collected 
in Summa canisters equipped with flow controllers set at 200 milliliters per minute at 10 percent of the soil 
gas probe locations (8 samples). Soil gas samples will be sent for laboratory analysis under a chain of 
custody. Soil gas samples will be collected following the procedures in SOP #8.  

Demobilization  
Equipment and facilities will be demobilized from the site at the end of Phase 3. Efforts will be made to 
remove facilities and disconnect services concurrently. The project files will be removed from the field 
trailer, brought to the CH2M office in Dayton, Ohio, and organized.  

IDW samples will be collected from the soil cuttings and combined purge, decontamination, and 
development water in order to characterize the waste for disposal. The samples will be sent to a 
subcontracted laboratory for analysis. Once the analytical results are received a waste characterization 
determination will be made and a waste profile will be created for client approval and signature. All IDW will 
be transported off‐site and disposed of at an EPA Off‐Site Rule‐approved facility upon the waste profile 
approval. All IDW transportation will be performed with a uniform hazardous or non‐hazardous waste 
manifest.  

Analysis Tasks 
CH2M’s subcontracted laboratory, ALS Laboratories (ALS) will analyze the groundwater, pore water, surface 
water and soil samples for VOCs at their Holland, MI laboratory. A subset of groundwater samples for 
nitrate/nitrite, sulfate and chloride, total iron, sulfide, TOC, and alkalinity will also be analyzed at the ALS – 
Holland, MI facility. 1,4‐dioxane in groundwater will be analyzed at the ALS ‐ Kelso, WA facility and soil gas 
samples for VOCs will be analyzed at the ALS ‐ Cincinnati, OH facility. ALS will also analyze  

CH2M will operate a HAPSITE GC/MS in the field for the analysis of 6 VOC compounds. 

The specific methods for the analyses are found in Worksheet #23. 

Quality Control Tasks 
SOPs will be implemented according to Worksheets #11, #12, #15, #22, #24, #25, #27, and #28 for items 
related to QC. QC samples are described in Worksheet #28. 

Secondary Data 
See QAPP Worksheet #13. 
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Data Management Tasks 
The data will be tracked, stored, handled, and managed. Field activities will be recorded in project logbooks 
and on applicable field forms. Site maps will be maintained and sample locations will be updated on the 
maps as necessary. Field and analytical data will be consolidated and maintained within an electronic 
database management system. The database management system will be used to perform sample tracking, 
storage of electronic data, validation of data, querying data for analysis, and preparation of final data tables. 

The following are the team members and their responsibilities for the data management process: 

 Project Chemist—Responsible for reviewing the chain‐of‐custody and laboratory login forms daily and
establishing the sample tracking system. Oversees proper use of EPA’s sample management system
(Scribe) and accuracy of the information entered. Reviews laboratory data for accuracy and quality and
compares electronic outputs for accuracy to laboratory electronic copies. Conducts tracking of samples,
forwards tracking information and received data to the database manager, and identifies the data inputs
(for example, sample numbers) to use in generating tables and plots.

 Database Manager—Responsible for setting up the data management system in consultation with the
project chemist at the beginning of the data evaluation task. Also oversees the data management
process, including data conversion/manual entry into the data management system, QC of the entered
data, preparation of the required tables and plots of the data, and prepares the Electronic Data
Management and Analysis Network (EDMAN) EDDs. Coordinates with the person responsible for
reviewing the entered data for QC purposes. Forwards deliverables to the site manager.

Upon completion of the data validation, an EDMAN EDD shall be prepared and submitted to EPA by the
CH2M Region 5 sample coordinator. Preparation and submittal of the EDMAN EDD shall include the
population of the EDMAN tables, running the data checker, correcting deviations and data integrity
conflicts, creating the site map in “.dxf” format, and preparation for transmittal.

 GIS Manager—Responsible for coordinating with the site manager to set up the geodatabase prior to
sampling. Maintains spatial layers and overall geodatabase integrity and accuracy. Provides GIS‐related
outputs for reports.

Sample and Data Tracking 
The project chemist is responsible for tracking samples in the sample‐tracking database to ensure that the 
analytical results for samples sent for analysis are received. Copies of chains of custody from the field team 
are used to enter in sample identifications (IDs), collect data, and analyses. Upon receipt of a sample receipt 
notice from the laboratory, the date received by the laboratory, and a date the electronic copy is due will be 
entered. Likewise, upon receipt of the electronic copy and EDD, the date they were received will also be 
entered. The EDDs will be uploaded to the project database when received from the laboratory and will be 
tracked in the sample‐tracking table. Validation qualifiers will be added to the database, and the results will 
be qualified accordingly.  

Data Types 
The data will be added to the project database as they become available. The data will include new data 
collected in the laboratory and validated by CH2M. Additionally, groundwater level data, relevant field data, 
soil gas data analyzed through HAPSITE GC/MS, and geospatial information will be included. Data sources 
will be noted in the database.  

Survey data will be incorporated into the GIS database and maintained by SSPA.  
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Hard/Electronic Copy 

Measurements made during field data collection activities will be recorded in field logbooks and sample 
processing logs. Field data will be reduced and summarized, tabulated, and stored along with the field 
logbooks and sample processing logs. 

The raw analytical laboratory data are stored electronically.  

Data Input Procedures 

Sampling information, analytical results, applicable QA/QC data, data validation qualifiers, and other field‐
related information will be entered into the project database for storage and retrieval during data 
evaluation and report development. The analytical data will be loaded into the database using EDD files 
received from the analytical laboratory. Validation qualifiers will be applied to the dataset either 
electronically or manually. Other available field‐related data collected will be manually entered onto 
standard EDD templates for loading into the database. Historical data, either in hard copy or electronic form, 
will be manually entered on or formatted to standard EDD templates for database loading.  

Project Database 
Sampling information, analytical results, applicable QA/QC data, data validation qualifiers, field‐related 
information, and historical data will be entered into the project database for storage and retrieval during 
data evaluation and report development. 

The data will be managed using EQuIS 6, a third‐party database system by EarthSoft, Inc., that is used in EPA 
Region 5 to store and analyze project data submissions.  

The database will be protected from unauthorized access, tampering, accidental deletions or additions, and 
data or program loss that can result from power outages or hardware failure. The following procedures will 
be adopted to ensure protection: 

 The master database will be hosted by EarthSoft, Inc., on a network file server with Web access from a
local server to the installation of the EQuIS data management system and access by EQuIS Enterprise
Web interface. Members of the data management team involved in loading, modifying, or querying the
database will be given access through EQuIS user accounts and passwords, as well as the appropriate
network server permissions.

 EQuIS Enterprise provides users with a Web‐based interface that allows for data reporting in standard
formats. Where required, data exports from copies of the master database will be stored on the local area
network for access by project staff through custom reporting tools developed to minimize possible
database corruption by users. Whenever the master database is updated or modified, the data will be
recopied exported to the local area network to ensure that the current copy data set is available to users.

 Daily backups of the master database and its copies will be made to ensure that the data will not be lost
due to problems with the network. Each night, a daily differential backup will be performed by
EarthSoft, Inc. Then, each week, a full backup will be completed by EarthSoft, Inc. The backups are
stored on a SAN device located in Utah, and are then transferred to an offsite data center.

GIS Description 
A project geodatabase will be setup prior to sampling and maintained by SSPA. An ArcView project or 
extension will be used providing the following functionality: load and display project site base maps, and 
display sampling station locations and associated sampling data (date, media, and results). Results will be 
shown as stations highlighted on the map. 
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The GIS manager will use Esri ArcGIS Desktop software to manage all project spatial data and for the 
production of figure deliverables. Standard File Geodatabase format will be used and configured based on 
client specifications and needs. A project coordinate system will be assigned accordingly as directed by 
the client.  

Documentation and Records 
Documentation of data management activities is critical because it provides the following: 

 An electronic copy record of project data management activities

 Reference information critical for database users

 Evidence that the activities have been properly planned, executed, and verified

 Continuity of data management operations when personnel changes occur

The data management plan will serve as the initial general documentation of the project data management 
efforts. Additional documentation will be maintained to document specific issues such as database structure 
definitions, database inventories, database maintenance, user requests, database issues and problems, and 
client contact. 

The final evidence file will be the central repository for documents that constitute evidence relevant to 
sampling and analysis activities. CH2M is the custodian of the evidence file and maintains the contents for 
the project. Project‐related data, including field logs, field forms, chain‐of‐custody forms, correspondence, 
the final QAPP, and project reports will be maintained in hard copy and/or electronic format (PDF) at the 
CH2M Dayton, Ohio, office. 

CH2M will keep records until project completion and closeout. As necessary, records may be transferred to an 
offsite records storage facility. The records storage facility must provide secure, controlled‐access records 
storage. Records of raw analytical laboratory data, QA data, and reports will be kept by the laboratory for at 
least 5 years. 

Records and field measurements of all samples will be collected in field books and scanned electronically. 
Chains of custody, air bills, and sample logs will be prepared and retained for each sample. Monitoring well 
location surveys will be obtained from the subcontractor and retained electronically. A copy of the final 
QAPP will be kept at the CH2M Milwaukee and Dayton offices. 

Presentation of Study Data 
Depending on data user needs, data presentation may consist of the following formats: 

 Tabulated results of data summaries or raw data

 Figures showing groundwater elevations or concentration isopleths or location‐specific concentrations

 Tables providing statistical evaluation

 Presentation tools, such as ARCINFO or similar analysis/ presentation aids

In addition to laboratory data, other physical data will be collected during field efforts. The information will 
be stored in the project database. Other types of data elements may be added as the field investigation 
needs and activities evolve. 

Assessment and Audit Tasks 
See Worksheets #31, #32, and #33. 
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Data Review and Usability 
The laboratory will make sure that the data are complete for all samples received. The data will be validated 
by CH2M using the National Functional Guidelines, laboratory SOPs, and this QAPP. A three‐step data review 
process (consisting of verification, validation, and usability assessment) will be employed to examine the 
collected data so that only scientifically sound data of known and documented quality are used to make 
environmental decisions. Worksheets #34 (Data Verification and Validation Input) through #37 (Data 
Usability Assessment) describe the process and criteria in detail. 

Analytical data obtained during the project will be validated by a qualified CH2M chemist according to the 
specifications provided in Worksheet #36 (Data Validation Procedures). Full documentation of the data 
validation process and the results will be provided in an attachment to the technical memorandum 
presenting the investigation results. Validated data and field logs will be reviewed to assess total 
measurement error and determine overall usability of the data for project purposes. Final data are placed in 
the database with qualifiers. 

An electronic deliverable report of validated data will be provided to the EPA in the EDMAN format at the 
end of the project. 

Documentation and Records 
Records and field measurements of all samples will be collected in the field books and scanned 
electronically. Chains of custody, air bills, and sample logs will be prepared and retained for each sample. 
Survey information obtained from the subcontractor will be retained electronically. A copy of the final QAPP 
will be kept at the CH2M Milwaukee and Dayton offices.  

A technical memorandum will be prepared to present the results following each phase of the RI. 
The technical memorandums will summarize the field investigation activities, analytical results, and 
deviations to the proposed field investigation. Preliminary results will be provided to EPA after each phase of 
the RI. 

Depending on data user needs, data presentation may consist of the following formats: 

 Tabulated results of data summaries or raw data

 Figures showing concentration isopleths or location‐specific concentrations

 Draft field logs consisting of soil boring logs, well construction logs, and groundwater sampling logs.
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Project Schedule 
A detailed project schedule in Project format is provided in Attachment D. A list of major dates is provided below.  

Dates  

Activities  Organization 
Anticipated 

Date(s) of Initiation 
Anticipated Date of 

Completion  Deliverable  Deliverable Due Date 

Site‐specific Plans  CH2M  August 10, 2015  October 9, 2015  Site‐specific plans  September 9, 2015 

Field Investigation Phase 1  CH2M  March 7, 2016  March 30, 2016  Samples to laboratory  TBD 

Data Validation  CH2M  Upon receipt of Phase 1 
analytical data reports 

21 days after receipt of 
final data 

Data quality evaluation 
report 

TBD 

Field Investigation Phase 2  CH2M  April 11, 2016  April 25, 2016  Samples to laboratory  TBD 

Data Validation Upon receipt of Phase 2 
analytical data reports 

21 days after receipt of 
final data 

Data quality evaluation 
report 

TBD 

Field Investigation Phase 3  CH2M  May 13, 2016  May 29, 2016  Samples to laboratory  TBD 

Data Validation  CH2M  Upon receipt of Phase 3 
analytical data reports 

21 days after receipt of 
final data 

Data quality evaluation 
report 

TBD 

Screening Level Human 
Health Risk Assessment 
(SLHHRA)/Screening Level 
Ecological Risk Assessment 

CH2M  May 13, 2016  July 1, 2016  Final SLHHRA and 
Screening Level Ecological 
Risk Assessment 

June 24, 2016 

HHRA/ERA July 1, 2016  August 5, 2016  Final HHRA and ERA  August 5, 2016 

Draft RI Report  CH2M  March 21, 2016  August 5, 2016  Draft RI Report  August 5, 2016 

  TBD = to be determined  
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Worksheet #15‐1—Project Action Limits and 
Laboratory‐Specific Detection/Quantitation  
Matrix: Aqueous

Analytical Group: TCL VOCs

Concentration Level: Trace

Analyte  CAS Number 

Ecological 
Screening 

Level (µg/L)a

Ecological 
Screening Level 

Source 

Human 
Health 

Screening 
Levelb (µg/L)

Human 
Health 

Screening 
Level Source  

Achievable Laboratory Limits

MDLsh (µg/L) QLs (µg/L) 

1,1,1‐Trichloroethane  71‐55‐6  76  REG 5 ESLs  200  MCL  0.193  1.0 

1,1,2,2‐Tetrachloroethane  79‐34‐5  380  REG 5 ESLs  0.076  RSL  0.337  1.0 

1,1,2‐Trichloro‐1,2,2‐
trifluoroethane 

76‐13‐1 ‐ ‐ 1,500  VISL 
0.467 

1.0 

1,1,2‐Trichloroethane  79‐00‐5  500  REG 5 ESLs  5  MCL  0.254  1.0 

1,1‐Dichloroethane  75‐34‐3  47  REG 5 ESLs  2.7  RSL  0.214  1.0 

1,1‐Dichloroethene  75‐35‐4  65  REG 5 ESLs  7  MCL  0.237  1.0 

1,2,3‐Trichlorobenzene  87‐61‐6  8  REG 3 FSBs  7  RSL  0.295  1.0 

1,2,4‐Trichlorobenzene  120‐82‐1  30  REG 5 ESLs  70  MCL  0.193  1.0 

1,2‐Dibromo‐3‐chloropropane  96‐12‐8  ‐  ‐  0.2  MCL  0.425  1.0 

1,2‐Dibromoethane  106‐93‐4  ‐  ‐  0.05  MCL  0.335  1.0 

1,2‐Dichlorobenzene  95‐50‐1  14  REG 5 ESLs  600  MCL  0.221  1.0 

1,2‐Dichloroethane  107‐06‐2  910  REG 5 ESLs  5  MCL  0.265  1.0 

1,2‐Dichloropropane  78‐87‐5  360  REG 5 ESLs  5  MCL  0.265  1.0 

1,3‐Dichlorobenzenec  541‐73‐1  38  REG 5 ESLs  75  MCL  0.210  1.0 

1,4‐Dichlorobenzene  106‐46‐7  9.4  REG 5 ESLs  75  MCL  0.204  1.0 

2‐Butanone  78‐93‐3  2,200  REG 5 ESLs  5,600  RSL  0.866  5.0 

2‐Hexanone  591‐78‐6  99  REG 5 ESLs  38  RSL  0.153  5.0 

4‐Methyl‐2‐pentanone  108‐10‐1  170  REG 5 ESLs  1,200  RSL  0.149  1.0 

Acetone  67‐64‐1  1,700  REG 5 ESLs  14,000  RSL  3.112  10.0 

Benzene  71‐43‐2  114  REG 5 ESLs  5  MCL  0.251  1.0 

Bromochloromethane  74‐97‐5 ‐ ‐ 83  RSL  0.245  1.0 

Bromodichloromethaned  75‐27‐4 ‐ ‐ 20  MCL  0.160  1.0 

Bromoformd  75‐25‐2  230  REG 5 ESLs  20  MCL  0.099  1.0 

Bromomethane  74‐83‐9  16  REG 5 ESLs  7.5  RSL  0.998  1.0 

Carbon Disulfide  75‐15‐0  15  REG 5 ESLs  810  RSL  0.258  1.0 

Carbon Tetrachloride  56‐23‐5  240  REG 5 ESLs  5  MCL  0.138  1.0 
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Matrix: Aqueous

Analytical Group: TCL VOCs

Concentration Level: Trace

Analyte  CAS Number 

Ecological 
Screening 

Level (µg/L)a

Ecological 
Screening Level 

Source 

Human 
Health 

Screening 
Levelb (µg/L)

Human 
Health 

Screening 
Level Source 

Achievable Laboratory Limits

MDLsh (µg/L)  QLs (µg/L) 

Chlorobenzene  108‐90‐7  47  REG 5 ESLs  100  MCL  0.187  1.0 

Chloroethane  75‐00‐3 ‐ ‐ 21,000  RSL  0.211  1.0 

Chloroformd  67‐66‐3  140  REG 5 ESLs  20  RSL  0.247  1.0 

Chloromethane  74‐87‐3 ‐ ‐ 190  RSL  0.254  1.0 

cis‐1,2‐Dichloroethene  156‐59‐2 ‐ ‐ 70  MCL  0.250  1.0 

cis‐1,3‐Dichloropropenee  10061‐01‐5  ‐  ‐  0.47  RSL  0.238  1.0 

Cyclohexane  110‐82‐7 ‐ ‐ 1,000  VISL  0.308  1.0 

Dibromochloromethaned  124‐48‐1 ‐ ‐ 20  MCL  0.166  1.0 

Dichlorodifluoromethane  75‐71‐8 ‐ ‐ 7.4  VISL  0.407  1.0 

Ethylbenzene  100‐41‐4  14  REG 5 ESLs  700  MCL  0.221  1.0 

Isopropylbenzene  98‐82‐8  2.6  REG 3 FSBs  450  RSL  0.253  1.0 

Methyl Acetate  79‐20‐9 ‐ ‐ 20,000  RSL  0.623  2.0 

Methyl tert‐Butyl Ether  1634‐04‐4  11,070  REG 3 FSBs  14  RSL  0.118  1.0 

Methylcyclohexanef  108‐87‐2 ‐ ‐ 1,000  VISL  0.315  1.0 

Methylene Chloride  75‐09‐2  940  REG 5 ESLs  5  MCL  0.636  5.0 

Styrene  100‐42‐5  32  REG 5 ESLs  100  MCL  0.177  1.0 

Tetrachloroethene  127‐18‐4  45  REG 5 ESLs  5  MCL  0.246  1.0 

Toluene  108‐88‐3  253  REG 5 ESLs  1,000  MCL  0.197  1.0 

trans‐1,2‐Dichloroethene  156‐60‐5  970  REG 5 ESLs  100  MCL  0.289  1.0 

trans‐1,3‐Dichloropropeneg  10061‐02‐6  ‐  ‐  0.47  RSL  0.189  1.0 

Trichloroethene  79‐01‐6  47  REG 5 ESLs  5  MCL  0.345  1.0 

Trichlorofluoromethane  75‐69‐4 ‐ ‐ 184  VISL  0.386  1.0 

Vinyl Chloride  75‐01‐4  930  REG 5 ESLs  2  MCL  0.190  1.0 

Xylenes (Total)  1330‐20‐7  27  REG 5 ESLs  10,000  MCL  0.617  3.0 

a Indiana water quality standards for aquatic life (CACs) were used; if not available, then EPA Region 5 ecological screening levels 
(REG 5 ESLs) were used. If REG 5 ESLs were not available, then EPA Region 3 freshwater screening benchmarks (REG 3 FSBs) were 
used. 

b Screening Levels are the maximum contaminant level (MCL), where available, or the minimum value between the EPA Tap Water 
Regional Screening Level (RSL), and the EPA Vapor Intrusion Screening Level (VISL). Tap water RSLs are June 2015 values based on a 
target Excess Lifetime Cancer Risk (ELCR) = 1x10‐6 and Hazard Index (HI) = 1; VISLs are June 2015 values based on EPA calculator, 
Version 3.4, a residential exposure scenario, a target ELCR = 1 x 10‐6, a target HI = 1, and a default groundwater temperature = 25 
degrees Celsius. RSL values as referenced by (EPA 2015). 
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Matrix: Aqueous

Analytical Group: TCL VOCs

Concentration Level: Trace

Analyte  CAS Number 

Ecological 
Screening 

Level (µg/L)a

Ecological 
Screening Level 

Source 

Human 
Health 

Screening 
Levelb (µg/L)

Human 
Health 

Screening 
Level Source  

Achievable Laboratory Limits

MDLsh (µg/L) QLs (µg/L) 

c The RSL for 1,4‐Dichlorobenzene was used as a surrogate for 1,3‐Dichlorobenzene. 

d The RSL for 1,3‐Dichloropropene was used as a surrogate for cis‐1,3‐Dichloropropene. 

e The MCL for total trihalomethanes (80 µg/l) was divided by the total number of trihalomethanes, thereby providing a screening 
level of 20 µg/l for each of the four related analytes.f The RSL for Cyclohexane was used as a surrogate for Methylcyclohexane. 

g The RSL for 1,3‐Dichloropropene was used as a surrogate for trans‐1,3‐Dichloropropene. 

h The estimated MDLs are updated annually and are subject to change. 

Indiana water quality standards for aquatic life, July 1996 (http://www.in.gov/legislative/iac/T03270/A00020.PDF) 

REG 5 ESLs = EPA Region 5 ecological screening levels, August 2003 (http://epa.gov/region5/waste/cars/pdfs/ecological‐screening‐
levels‐200308.pdf)  

REG 3 FSBs = EPA Region 3 freshwater screening benchmarks, December 2014 
(http://www.epa.gov/reg3hscd/risk/eco/btag/sbv/fw/screenbench.htm) 

µg/L = micrograms per liter; QL = quantitation limit; MDL = method detection limit 

Shading represents cases where the screening levels are lower than the estimated laboratory method detection limit and/or 
quantitation limit. Refer to Worksheet #11, Section 11.4 for a discussion. 





EN0908151012MKE   57 

Worksheet #15‐2—Project Action Limits and 
Laboratory‐Specific Detection/Quantitation  
Matrix: Soil

Analytical Group: TCL VOCs

Concentration Level: Low

Analyte  CAS Number 

Ecological 
Screening Level 

(µg/kg)a 

Human Health 
Screening Levelb 

(µg/kg) 

Human Health 
Screening Level 

Source 

Achievable Laboratory Limits

MDLsg (µg/kg) QLs (µg/kg) 

1,1,1‐Trichloroethane  71‐55‐6  29,800  70  MCL‐SSL  0.153  5.0 

1,1,2,2‐Tetrachloroethane  79‐34‐5  127  0.03  RSL‐SSL  0.115  5.0 

1,1,2‐Trichloro‐1,2,2‐
trifluoroethane 

76‐13‐1 ‐ 140,000  RSL‐SSL 
0.181 

5.0 

1,1,2‐Trichloroethane  79‐00‐5  28,600  1.6  MCL‐SSL  0.616  5.0 

1,1‐Dichloroethane  75‐34‐3  20,100  0.78  RSL‐SSL  0.132  5.0 

1,1‐Dichloroethene  75‐35‐4  8,280  2.5  MCL‐SSL  0.172  5.0 

1,2,3‐Trichlorobenzene  87‐61‐6 ‐ 21  RSL‐SSL  0.251  5.0 

1,2,4‐Trichlorobenzene  120‐82‐1  11,100  200  MCL‐SSL  0.136  5.0 

1,2‐Dibromo‐3‐chloropropane  96‐12‐8  35.2  0.086  MCL‐SSL  0.521  5.0 

1,2‐Dibromoethane  106‐93‐4  1,230  0.014  MCL‐SSL  0.154  5.0 

1,2‐Dichlorobenzene  95‐50‐1  2,960  580  MCL‐SSL  0.088  5.0 

1,2‐Dichloroethane  107‐06‐2  21,200  1.4  MCL‐SSL  0.154  5.0 

1,2‐Dichloropropane  78‐87‐5  32,700  1.7  MCL‐SSL  0.356  5.0 

1,3‐Dichlorobenzenec  541‐73‐1  37,700  72  MCL‐SSL  0.083  5.0 

1,4‐Dichlorobenzene  106‐46‐7  546  72  MCL‐SSL  0.172  5.0 

2‐Butanone  78‐93‐3  89,600  1,200  RSL‐SSL  0.848  10.0 

2‐Hexanone  591‐78‐6  12,600  8.8  RSL‐SSL  0.667  5.0 

4‐Methyl‐2‐pentanone  108‐10‐1  443,000  280  RSL‐SSL  0.185  5.0 

Acetone  67‐64‐1  2,500  2,900  RSL‐SSL  1.52  10.0 

Benzene  71‐43‐2  255  2.6  RSL‐SSL  0.097  5.0 

Bromochloromethane  74‐97‐5 ‐ 21  RSL‐SSL  0.143  5.0 

Bromodichloromethane  75‐27‐4  540  22  MCL‐SSL  0.108  5.0 

Bromoform  75‐25‐2  15,900  21  MCL‐SSL  0.146  5.0 

Bromomethane  74‐83‐9  235  1.9  RSL‐SSL  0.307  10.0 

Carbon Disulfide  75‐15‐0  94.1  240  RSL‐SSL  0.190  5.0 

Carbon Tetrachloride  56‐23‐5  2,980  1.9  MCL‐SSL  0.239  5.0 
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Matrix: Soil

Analytical Group: TCL VOCs

Concentration Level: Low

Analyte  CAS Number 

Ecological 
Screening Level 

(µg/kg)a 

Human Health 
Screening Levelb 

(µg/kg) 

Human Health 
Screening Level 

Source 

Achievable Laboratory Limits

MDLsg (µg/kg)  QLs (µg/kg) 

Chlorobenzene  108‐90‐7  13,100  68  MCL‐SSL  0.160  5.0 

Chloroethane  75‐00‐3 ‐ 5,900  RSL‐SSL  0.524  5.0 

Chloroform  67‐66‐3  1,190  22  MCL‐SSL  0.201  5.0 

Chloromethane  74‐87‐3  10,400  49  RSL‐SSL  0.260  10.0 

cis‐1,2‐Dichloroethene  156‐59‐2 ‐ 21  MCL‐SSL  0.120  5.0 

cis‐1,3‐Dichloropropened  10061‐01‐5  398  0.17  RSL‐SSL  0.115  5.0 

Cyclohexane  110‐82‐7 ‐ 13,000  RSL‐SSL  0.171  5.0 

Dibromochloromethane  124‐48‐1  2,050  21  MCL‐SSL  0.147  5.0 

Dichlorodifluoromethane  75‐71‐8  39,500  300  RSL‐SSL  0.252  10.0 

Ethylbenzene  100‐41‐4  5,160  780  MCL‐SSL  0.116  5.0 

Isopropylbenzene  98‐82‐8 ‐ 740  RSL‐SSL  0.146  5.0 

Methyl Acetate  79‐20‐9 ‐ 4,100  RSL‐SSL  0.451  10.0 

Methyl tert‐Butyl Ether  1634‐04‐4 ‐ 3.2  RSL‐SSL  0.185  5.0 

Methylcyclohexanee  108‐87‐2 ‐ 13,000  RSL‐SSL  0.217  10.0 

Methylene Chloride  75‐09‐2  4,050  1.3  MCL‐SSL  0.137  5.0 

Styrene  100‐42‐5  4,690  110  MCL‐SSL  0.298  5.0 

Tetrachloroethene  127‐18‐4  9,920  2.3  MCL‐SSL  0.220  5.0 

Toluene  108‐88‐3  5,450  690  MCL‐SSL  0.125  5.0 

trans‐1,2‐Dichloroethene  156‐60‐5  784  31  MCL‐SSL  0.233  5.0 

trans‐1,3‐Dichloropropenef  10061‐02‐6  398  0.17  RSL‐SSL  0.163  10.0 

Trichloroethene  79‐01‐6  12,400  1.8  MCL‐SSL  0.191  5.0 

Trichlorofluoromethane  75‐69‐4  16,400  730  RSL‐SSL  0.271  5.0 

Vinyl Chloride  75‐01‐4  646  0.69  MCL‐SSL  0.166  5.0 

Xylenes (Total)  1330‐20‐7  10,000  9,800  MCL‐SSL  0.540  5.0 

a EPA Region 5 ecological screening levels, August 2003 (http://epa.gov/region5/waste/cars/pdfs/ecological‐screening‐levels‐
200308.pdf) 

b Screening Levels are the Maximum Contaminant Level‐based Soil Screening Level (SSL) for the Protection of Groundwater (MCL‐
SSL), where available, or the minimum value between the Residential Soil Regional Screening Level (RSL) and the Tap Water RSL‐
based SSL for the Protection of Groundwater (RSL‐SSL).  RSLs are June 2015 values, based on a target ELCR = 1 x 10‐6 and HI = 1.   

c The RSL for 1,3‐Dichloropropene was used as a surrogate for trans‐1,3‐Dichloropropene. 

d The RSL for 1,3‐Dichloropropene was used as a surrogate for cis‐1,3‐Dichloropropene. 

e The RSL for Cyclohexane was used as a surrogate for Methylcyclohexane. 
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Matrix: Soil

Analytical Group: TCL VOCs

Concentration Level: Low

Analyte  CAS Number 

Ecological 
Screening Level 

(µg/kg)a 

Human Health 
Screening Levelb 

(µg/kg) 

Human Health 
Screening Level 

Source 

Achievable Laboratory Limits

MDLsg (µg/kg) QLs (µg/kg) 

f The RSL for 1,3‐Dichloropropene was used as a surrogate for trans‐1,3‐Dichloropropene. 

g The estimated MDLs are updated annually and are subject to change. 

mg/kg = milligram per kilogram; QL = quantitation limit; MDL = method detection limit 

Shading represents cases where the screening levels are lower than the estimated laboratory method detection limit and/or 
quantitation limit. Refer to Worksheet #11, Section 11.4 for a discussion. 
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Worksheet #15‐3—Project Action Limits and 
Laboratory‐Specific Detection/Quantitation  

Matrix: Soil Gas – Fixed Lab

Analytical Group: VOCs

Concentration Level: Low

Analyte 
CAS 

Number 

IDEM Soil 
Gas 

Screening 
Level 

Residential 
(µg/m3) a 

IDEM Soil 
Gas 

Screening 
Level 

AF=0.1 
Commercial 
/ Industrial

(µg/m3) a 

IDEM Soil 
Gas 

Screening 
Level 

AF=0.01 
Commercial 
/ Industrial

(µg/m3) b 
Toxicity 
Basis 

Residential 
VISL 

Screening 
Level 

(µg/m3) c 

Commercial 
VISLs 

Screening 
Level 

(µg/m3)c 

Toxicity 
Basis 

Achievable 
Laboratory Limits 

MDLsd 
(µg/m3)

QLs 
(µg/m3) 

1,1,1‐
Trichloroethane 

71‐55‐6  52,000  220,000  2,200,000 NC  170,000  730,000  NC  0.17 
0.50 

1,1,2,2‐
Tetrachloroethane 

79‐34‐5 4.8  21  210  C  1.6  7.0  C  0.15 
0.50 

1,1,2‐
Trichloroethane 

79‐00‐5  2.1  8.8  88  NC  5.8  26  NC  0.16 
0.50 

1,1‐Dichloroethane  75‐34‐3  180  770  7,700  C  58  260  C  0.16  0.50 

1,1‐Dichloroethene  75‐35‐4  2,100  8,800  88,000  NC  7,000  29,000  NC  0.17  0.50 

1,2,4‐
Trichlorobenzene 

120‐82‐1 21  88  880  NC  70  290  NC  0.16 
0.50 

1,2‐
Dibromoethane 

106‐93‐4  0.47  2  20  C  0.16  0.68  C  0.16 
0.50 

1,2‐
Dichlorobenzene 

95‐50‐1 2,100  8,800  88,000  NC  7,000  29,000  NC  0.15 
0.50 

1,2‐Dichloroethane  107‐06‐2  11  47  470  C  3.6  160  C  0.16  0.50 

1,2‐
Dichloropropane 

78‐87‐5 28  120  1,200  C  9.4  41  C  0.16 
0.50 

1,3‐
Dichlorobenzenee 

541‐73‐1 26  110  1,100  C  8.5  37  C  0.15 
0.50 

1,4‐
Dichlorobenzene 

106‐46‐7 26  110  1,100  C  8.5  37  C  0.14 
0.50 

2‐Butanone 
(methyl ethyl 
ketone) 

78‐93‐3  52,000  220,000  2,200,000 NC  170,000  730,000  NC  0.21 
5.0 

2‐Hexanone  591‐78‐6  310  1,300  13,000  NC  1,000  4,400  NC  0.16  0.50 

4‐Methyl‐2‐
pentanone  
(Methyl isobutyl 
ketone) 

108‐10‐1  31,000  130,000  1,300,000 NC  100,000  440,000  NC  0.16 

0.50 

Acetone  67‐64‐1  320,000  1,400,000 14,000,000 NC  1,100,000  4,500,000  NC  0.77  5.0 
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Matrix: Soil Gas – Fixed Lab

Analytical Group: VOCs

Concentration Level: Low

Analyte 
CAS 

Number 

IDEM Soil 
Gas 

Screening 
Level 

Residential 
(µg/m3) a 

IDEM Soil 
Gas 

Screening 
Level 

AF=0.1 
Commercial 
/ Industrial 

(µg/m3) a 

IDEM Soil 
Gas 

Screening 
Level 

AF=0.01 
Commercial 
/ Industrial

(µg/m3) b 
Toxicity 
Basis 

Residential 
VISL 

Screening 
Level 

(µg/m3) c 

Commercial 
VISLs 

Screening 
Level 

(µg/m3)c 

Toxicity 
Basis 

Achievable 
Laboratory Limits 

MDLsd 
(µg/m3)

QLs 
(µg/m3) 

Benzene  71‐43‐2  36  160  1,600  C  12  52  C  0.16  0.50 

Bromodichloromet
hane 

75‐27‐4  7.6  33  330  C  2.5  11  C  0.15 
0.50 

Bromoform  75‐25‐2  260  1,100  11,000  C  85  370  C  0.15  0.50 

Bromomethane
(Methyl bromide) 

74‐83‐9 52  220  2,200  NC  170  730  NC  0.19 
0.50 

Carbon disulfide  75‐15‐0  7,300  31,000  310,000  NC  24,000  100,000  NC  0.15  5.0 

Carbon 
tetrachloride 

56‐23‐5  47  200  2,000  C  16  68  C  0.15 
0.50 

Chlorobenzene  108‐90‐7  520  2,200  22,000  NC  1,700  7,300  NC  0.16  0.50 

Chloroethane 
(Ethyl Chloride) 

75‐00‐3  100,000  440,000  4,400,000 NC  350,000  1,500,000  NC  0.17 
0.50 

Chloroform
(Trichloromethane) 

67‐66‐3 12  53  530  C  4.1  18  C  0.17 
0.50 

Chloromethane
(Methyl chloride) 

74‐87‐3 940  3,900  39,000  NC  3,100  13,000  NC  0.15 
0.50 

cis‐1,2‐
Dichloroethene 

156‐59‐2  NA  NA  NA  C  NA  NA  C  0.16 
0.50 

cis‐1,3‐
Dichloropropenef 

10061‐01‐
5 

70  310  3,100  C  23  100  C  0.14 
0.50 

Cyclohexane  110‐82‐7  63,000  260,000  2,600,000 NC  210,000  880,000  NC  0.29  1.0 

Dibromochloromet
hane 

124‐48‐1  10  45  450  C  3.5  15  C  0.16 
0.50 

Dichlorodifluorome
thane (CFC‐12) 

75‐71‐8  1,000  4,400  44,000  NC  3,500  15,000  NC  0.17 
0.50 

Ethylbenzene  100‐41‐4  110  490  4,900  C  37  160  C  0.16  0.50 

m,p‐Xyleneg 
179601‐
23‐1 

1,000  4,400  44,000  NC  3,500  15,000  NC  0.30 
1.0 

Methyl tert butyl 
ether 

1634‐04‐4  1,100  4,700  47,000  C  360  1,600  C  0.17 
0.50 

Methylene chloride  75‐09‐2  6,300  26,000  260,000  NC  3,400  41,000  NC  0.17  0.50 

o‐Xylene  95‐47‐6  1,000  4,400  44,000  NC  3,500  15,000  NC  0.15  0.50 
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Matrix: Soil Gas – Fixed Lab

Analytical Group: VOCs

Concentration Level: Low

Analyte 
CAS 

Number 

IDEM Soil 
Gas 

Screening 
Level 

Residential 
(µg/m3) a 

IDEM Soil 
Gas 

Screening 
Level 

AF=0.1 
Commercial 
/ Industrial

(µg/m3) a 

IDEM Soil 
Gas 

Screening 
Level 

AF=0.01 
Commercial 
/ Industrial

(µg/m3) b 
Toxicity 
Basis 

Residential 
VISL 

Screening 
Level 

(µg/m3) c 

Commercial 
VISLs 

Screening 
Level 

(µg/m3)c 

Toxicity 
Basis 

Achievable 
Laboratory Limits 

MDLsd 
(µg/m3)

QLs 
(µg/m3) 

Styrene  100‐42‐5  10,000  44,000  440,000  NC  35,000  150,000  NC  0.15  0.50 

Tetrachloroethene  127‐18‐4  420  1,800  18,000  NC  360  1,600  NC  0.14  0.50 

Toluene  108‐88‐3  52,000  220,000  2,200,000 NC  170,000  730,000  NC  0.17  0.50 

trans‐1,2‐
Dichloroethene 

156‐60‐5  NA  NA  NA  C  NA  NA  C 
0.19 

0.50 

trans‐1,3‐
Dichloropropeneh 

10061‐02‐
6 

70  310  3,100  C  23  100  C 
0.16 

0.50 

Trichloroethene  79‐01‐6  21  88  880  NC  16  100  NC  0.14  0.50 

Trichlorofluoromet
hane (CFC‐11) 

75‐69‐4  7,300  31,000  310,000  NC  24,000  100,000  NC 
0.17 

0.50 

1,1,2‐Trichloro‐
1,2,2‐
trifluoroethane 
(Freon 113) 

76‐13‐1  310,000  1,300,000 13,000,000 NC  1,000,000  4,400,000  NC 

0.17 

0.50 

Vinyl chloride  75‐01‐4  17  280  2,800  C  5.6  93  C  0.17  0.50 

a  Values from the March 2012 IDEM Remediation Closure Guide. Screening levels calculated by applying a 0.1 soil gas attenuation factor 
to indoor air vapor exposure levels.  

b  Values from the March 2012 IDEM Remediation Closure Guide. Screening levels calculated by applying a 0.01 soil gas attenuation factor 
to indoor air vapor exposure levels. Justification for higher screening levels are evaluated at specific commercial or industrial buildings 
(Section 10.4 of the IDEM Remediation Closure Guide)  

c Vapor Intrusion Screening Levels (VISLs) for residential and commercial scenarios, June 2015; based on a target ELCR = 1 x 10‐6, Hazard 
Index (HI) = 1, and default subslab to indoor air attenuation factor (AF) = 0.03. 

d The estimated MDLs are updated annually and are subject to change. 

e The RSL for 1,4‐Dichlorobenzene was used as a surrogate for 1,3‐Dichlorobenzene. 

f The RSL for 1,3‐Dichloropropene was used as a surrogate for cis‐1,3‐Dichloropropene. 

g The RSL for m‐Xylene was used as a surrogate for m,p‐Xylene. 

h The RSL for 1,3‐Dichloropropene was used as a surrogate for trans‐1,3‐Dichloropropene. 

µg/m3 = microgram per cubic meter; C = carcinogen; NA = not available; NC = non‐carcinogen; MDL = method detection limit;  
QL = quantitation limit; TBD = to be determined 
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Worksheet #15‐4—Project Action Limits and 
Laboratory‐Specific Detection/Quantitation  
Matrix: Soil Gas – Field Lab 

Analytical Group: VOCs

Concentration Level: Low

Analyte  CAS Number 

  Achievable 
Laboratory Limits 

IDEM Soil 
Gas 

Screening 
Level 

Residential 

(µg/m3) a 

IDEM Soil 
Gas 

Screening 
Level 

Commercial 
/ Industrial

(µg/m3) a 

IDEM Soil 
Gas 

Screening 
Level 

Some 
Commercial 
/ Industrial

(µg/m3) b 
Toxicity 
Basis 

Residential 
VISL 

Screening 
Level 

(µg/m3) c 

Commercial 
VISL 

Screening 
Level 

(µg/m3)c 
Toxicity 
Basis  QLs (µg/m3) 

1,1,1‐
Trichloroethane 

71‐55‐6  52,000  220,000  2,200,000  NC  170,000  730,000  NC  2.8 

cis‐1,2‐
Dichloroethene 

156‐59‐2  NA  NA  NA  C  NA  NA  C  2.0 

Tetrachloroethene  127‐18‐4  420  1,800  18,000  NC  360  1,600  NC  3.5 

trans‐1,2‐
Dichloroethene 

156‐60‐5  NA  NA  NA  C  NA  NA  C  2.0 

Trichloroethene  79‐01‐6  21  88  880  NC  16  100  NC  2.8 

Vinyl chloride  75‐01‐4  17  280  2,800  C  5.6  93  C  1.3 

a Values from the March 2012 IDEM Remediation Closure Guide. Screening levels calculated by applying a 0.1 soil gas attenuation 
factor to indoor air vapor exposure levels.  

b Values from the March 2012 IDEM Remediation Closure Guide. Screening levels calculated by applying a 0.01 soil gas attenuation 
factor to indoor air vapor exposure levels. Justification for higher screening levels are evaluated at specific commercial or industrial 
buildings (section 10.4 of the IDEM Remediation Closure Guide)  

c VISL for residential and commercial scenarios, June 2015; based on a target ELCR = 1 x 10‐6, HI = 1, and a default subslab to indoor 
air AF = 0.03. 

d The estimated MDLs are updated annually and are subject to change. 

µg/m3 = microgram per cubic meter; C = carcinogen; NA = not available; NC = non‐carcinogen; MDL = method detection limit; 
QL =  quantitation limit; TBD = to be determined 
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Worksheet #15‐5—Project Action Limits and 
Laboratory‐Specific Detection/Quantitation  
Matrix: Aqueous 

Analytical Group: SVOC (1,4‐Dioxane)

Concentration Level: Low

Analyte  CAS Number 
Human Health 
Screening Level 

Human Health 
Screening Level 

Source 

Achievable Laboratory Limits 

MDLs (µg/L)  QLs (µg/L) 

1,4‐Dioxane   123‐91‐1  0.46  RSL  0.016  0.040 

µg/L = micrograms per liter; QL = quantitation limit; MDL = method detection limit 
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Worksheet #15‐6—Project Action Limits and 
Laboratory‐Specific Detection/Quantitation  
Matrix: Aqueous 

Analytical Group: Total Iron

Concentration Level: Low 

Analyte  CAS Number  Project Action Limit 

Achievable Laboratory Limits 

MDLs (µg/L)  QLs (µg/L) 

Iron  7439‐89‐6  NA  4.4  80 

NA = not applicable, parameters will be used to evaluate natural attenuation and will not be screened against regulatory screening 
values. 

µg/L = micrograms per liter; QL = quantitation limit; MDL = method detection limit 
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Worksheet #15‐7—Project Action Limits and 
Laboratory‐Specific Detection/Quantitation  
Matrix: Aqueous 

Analytical Group: General Chemistry

Concentration Level: Low 

Analyte  CAS Number  Project Action Limit 

Achievable Laboratory Limits 

MDLs (mg/L)  QLs (mg/L) 

Alkalinity ‐ NA  1.431  2.0 

Chloride  16887‐00‐6  NA  0.144  1.0 

Nitrate  14797‐55‐8  NA  0.027  0.1 

Nitrite  14979‐65‐0  NA  0.023  0.1 

Sulfate  14808‐79‐8  NA  0.139  1.0 

Sulfide ‐ NA  0.436  1.0 

Total Organic Carbon ‐ NA  0.066  0.5 

NA = not applicable, parameters will be used to evaluate natural attenuation and will not be screened against regulatory screening 
values. 

mg/L = milligrams per liter; QL = quantitation limit; MDL = method detection limit 
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Worksheet #17—Sampling Design and 
Rationale 
The overall RI consists of the following activities:  

 Advancement of soil borings into the outwash sand and gravel aquifer underlying the site to collect
lithological information along with soil and groundwater grab samples.

 Installation of permanent groundwater monitoring wells.

 Collection of groundwater samples from new and existing wells and private water supply wells.

 Groundwater elevation synoptic and aquifer slug tests to evaluate hydrogeologic conditions.

 Collection of pore water and surface water samples from within Fall Creek to evaluate the groundwater
to surface water interaction and support the HHRA1 and ERA.

 Collection of additional soil and soil gas samples to support HHRA and ERA.

RI activities will be completed over multiple phases of site work with data from each phase used to modify 
the sampling approach and sample locations of each subsequent phase. The EPA Scribe program will be 
used for field documentation of samples collected and for the generation of chains of custodies throughout 
the RI. 

Drilling and sampling locations will be located in an urban setting throughout a mixed residential and 
commercial area as well as from within Fall Creek. Figure 2 shows the approximate location of subsurface 
drilling and sampling locations; however, the final location of Phase 1 borings may change due to access 
constraints. Phase 2 and Phase 3 sampling locations will be determined based on the results of each 
proceeding phase of site activity. Figure 2 is presented to provide an overview of Phase 1 site activities. 
Exact locations will be identified in consultation with EPA prior to each phase of site work.  

Phase 1  
The first phase of the RI will focus on developing lithological descriptions from soil borings and collecting 
subsurface soil and groundwater grab samples at six of the seven properties where previous releases are 
suspected. Soil samples will be collected from these properties for the purpose of identifying specific potential 
source locations and at up to 2 downgradient locations if potentially impacted soils are observed. 
Groundwater samples will also be collected at the potential source areas and at areas cross and downgradient 
to identify the gross horizontal and vertical extent of the VOC plume in groundwater in the outwash aquifer.  

The soil borings installed during Phase 1 will be surveyed using a handheld submeter GPS device and the 
coordinates entered into a site‐specific database. The soil borings installed during Phase 1 will be abandoned 
by filling the annular space with a neat cement, bentonite slurry, or bentonite pellets following Indiana 
requirements.  

Lithological Classification  
At six of the seven properties and at locations downgradient of the potential source areas, initial soil borings 
will be installed with a sonic drill rig to a depth immediately above bedrock, approximately 80 feet bgs. 
Continuous cores will be logged and screened with a PID by the project geologist to develop a better 

1 Pore water samples will not be used in the HHRA.
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understanding of the subsurface lithology, identify the depth of the intermediate clay layer and interbedded 
sand lenses, and evaluate possible VOC impacts of soil to be sampled.  

A total of 9 soil borings will be installed throughout the 6 properties and up to 6 soil borings will be installed in 
areas downgradient of the potential source areas. Observations made by the field geologist and along with PID 
readings will be used to establish sampling depths in additional borings installed in each area. The following 
table summarizes the areas where initial soil borings will be installed. The proposed location of the soil borings 
are identified in Figure 2.  

Soil Boring Locations 
Number of Soil Borings for 
Lithological Descriptions 

Tuchman Cleaners 
Near former monitoring well MW‐2I  1 

Near former recovery well RW‐3  1 

Thomas Caterers 
Area of elevated concentrations described in historical documents  1 
Second area of elevated concentrations described in historical 
document  1 

Between the two areas of elevated concentrations  1 

Vantage Point 
Cleaners  One boring near the center of the property  1 

Purtee Plating  One boring near the center of the property  1 

Lumberman 
Wholesale  One boring near the center of the property  1 

Imperial Cleaners  One boring near the center of the property  1 

Area Downgradient of 
Potential Source 
Properties  Downgradient from suspected source areas  6 

TOTAL  15 

Note: Soil boring will be completed to the bottom of the deep aquifer zone prior to groundwater sampling, at a total depth of 
approximately 80 feet bgs 

Collection of Soil Samples 
Following initial soil screening and soil classification, soil borings will be installed at six of the seven properties 
for the purpose of collecting samples of potentially VOC‐impacted soils and to collect groundwater grab 
samples (as discussed in the following section). Results of the soil samples will be used to determine if 
potential source areas have been identified and to assist in the collection of samples for the purpose of 
assessing risk during Phase 3. 

A total of 18 soil borings will be installed by a sonic drill rig throughout the 6 properties and 20 additional soil 
borings will be installed at areas downgradient. Up to a total of 24 samples will be collected at six of the 
seven properties from soils with the greatest impact as evidenced by PID, visual, or olfactory for laboratory 
analysis of VOCs. Soil samples will be collected from the following generally defined intervals: the shallow 
aquifer zone between 0 and 25 feet bgs, the intermediate clay zone between 25 and 60 feet bgs, and the 
deep aquifer zone between 60 and 80 feet bgs. Up to 2 additional soil samples will be collected from soils 
downgradient of the six properties if potentially impacted soils are observed. The soil samples will be 
submitted to a subcontract laboratory and analyzed for TCL VOCs with a 3‐day TAT. 

The following table summarizes the number of soil borings installed for the purposes of collecting samples 
along with the number of soil samples areas to be collected at each area. The proposed location of the soil 
borings are identified in Figure 2. 
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Groundwater Grab Sampling 
Groundwater grab samples will be collected concurrently with the soil sampling activities to assess the gross 
horizontal and lateral extent of the groundwater plume. Groundwater grab samples will be collected from the 
same boreholes advanced for the collection soil samples as described in the previous section.  

A total of 47 groundwater grab samples will be collected from six properties. At each of the 18 soil borings 
groundwater grab samples will be collected from the shallow and deep intervals. At 11 of these locations, an 
additional groundwater grab sample will be collected from the variable thickness sand layer found in the 
intermediate clay zone. This will provide both an aerial and vertical initial profile of the current groundwater 
plume in the outwash aquifer. 

Six grab samples will be collected from the shallow and deep portions of the aquifer within the area 
immediately downgradient of the properties. Four additional samples will be collected from the intermediate 
interbedded sand layer at downgradient soil borings.  

Each groundwater grab sample will be collected from a reusable, stainless‐steel screen and will be considered 
screening‐level data only. Samples will be submitted to the subcontracted laboratory for analysis of TCL‐VOCs 
with a 3‐day TAT.  

The following table summarizes the portions of the aquifer and the number of groundwater grab samples to 
be collected at each area. The proposed location of the soil borings are identified in Figure 2. 

Potential Source Property  Soil Boring Locations 

Estimated 
Number of 

Sample Locations 

Estimated 
Number of Soil 

Samples 

Tuchman Cleaners 

Near former monitoring well MW‐2I  1  4 

Near former recovery well RW‐3  1  4 

Northeast property line  1 
* Sample location
for groundwater 
gab sample only 

Thomas Caterers 

Area of elevated concentrations described in historical 
documents 

1  2 

Second area of elevated concentrations described in 
historical document 

1  2 

Between the two areas of elevated concentrations  1  2 

Vantage Point Cleaners  A total of three locations around the property  3  2 

Purtee Plating  A total of three locations around the property  3  2 

Lumberman Wholesale  A total of three locations around the property  3  4 

Imperial Cleaners  A total of three locations around the property  3  2 

Downgradient of 
Properties 

Downgradient from suspected source area  20  2 

TOTAL  38  26 

Note: Total number of sample per location; generally includes shallow and deep, sometimes intermediate, and a fourth sample if 
indicated. Sample intervals subject to field screening to include PID, visual, and olfactory indicators 
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Potential Source 
Property  Soil Boring Locations 

Estimated 
Number of 
Sampling 
Locations  Sample Zones 

Number of 
Groundwater 
Grab Samples 

Tuchman Cleaners 

Near former monitoring well MW‐2I  1  S‐I‐D  3 

Near former recovery well RW‐3  1  S‐I‐D  3 

Northeast property line  1  S‐D  2 

Thomas Caterers 

Area of elevated concentrations described in 
historical documents  1  S‐I‐D  3 

Second area of elevated concentrations described 
in historical document  1  S‐I‐D  3 

Between the two areas of elevated concentrations  1  S‐I‐D  3 

Vantage Point 
Cleaners  A total of three locations around the property 

1  S‐I‐D  3 

2  S‐D  2 

Purtee Plating 
A total of three locations around the property 

1  S‐I‐D  3 

2  S‐D  2 

Lumberman 
Wholesale  A total of three locations around the property 

1  S‐I‐D  3 

2  S‐D  2 

Imperial Cleaners 
A total of three locations around the property 

1  S‐I‐D  3 

2  S‐D  2 

Downgradient of 
Properties  Downgradient from suspected source area 

6  S‐I‐D  6 

14  S‐D  4 

TOTAL  38 47 

Note: S = shallow aquifer including the vadose zone (0‐25 feet bgs); I = intermediate aquifer inclusive of the clay zone (25 to 60 feet bgs); 
D = deep aquifer (60 to 80 feet bgs) 
Groundwater samples are in each of the shallow and deep aquifer zone, and if indicated the third interval to include the intermediate 
zone 

Initial Survey of Existing Monitoring Wells  
Anecdotal evidence suggests that monitoring wells exist in the general area from previous investigations 
completed by IDEM, as well as sentry wells installed by the local drinking water authority. SSPA will attempt 
to obtain the location and construction information for wells in the investigation area, as well as well as 
useable residential drinking water wells to reduce the number of wells required to be installed throughout 
the RI. It is assumed that 40 existing monitoring wells will be identified and incorporated into the RI, along 
with 12 residential drinking wells prior to Phase 2. Existing monitoring wells will be resurveyed to a common 
datum. It is assumed that up to five of the pre‐existing wells identified in Phase 1 will require 
re‐development.  

Phase 2 
The purposes of Phase 2 are to install and sample permanent groundwater monitoring wells to define the 
extent of the groundwater plume to levels equal to or near MCLs characterize current hydrogeologic 
conditions, and collect samples to asses ecological and human health risk.  
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Monitoring Well Installation  
Up to 20 monitoring wells will be installed for the purpose of delineating the groundwater plume in areas 
where the results of Phase 1 suggest potential gaps in the existing well network as determined during Phase 1. 
If additional existing wells are located in areas that would support the investigation, fewer monitoring wells 
would need to be installed for this RI. 

The assumed 20 monitoring wells will be installed as 10 paired monitoring wells of one in the shallow aquifer 
(installed to approximately 25 feet) and one in the deep aquifer (installed approximately 75 feet bgs). Each 
well will be constructed of 2‐inch‐diameter, schedule 40 polyvinyl chloride and will be installed using a sonic 
drill rig. At each of the 10 deep borings, continuous cores will be logged and screened with a PID by the field 
geologist to develop a better understanding of the site geology and potential VOC impacts. All newly 
installed monitoring wells will be developed and then surveyed to the same coordinate system as the 
existing wells surveyed in Phase 1.  

Borings in the suspected source areas and north of Fall Creek will be dual‐cased across the thickness of the 
upper aquifer and approximately 10 feet into the intermediate clay to prevent vertical migration of 
contaminants.  

Slug Testing 
Hydraulic slug tests will be conducted in 5 monitoring wells screened at varying depths to determine the 
transmissivity and hydraulic conductivity of the aquifer. Pressure transducers will be installed in each well and 
set to record the pressure of the water column every few seconds during each evaluation. One falling head test 
(displacement of the water column from the slug) and one rising head test (recovery of the water column after 
slug removal) will be completed in each of the five wells. Upon completion of the slug tests hydraulic 
conductivity and transmissivity will be calculated for each well. Slug testing activities will be completed 
following SOP #16. 

Groundwater Sampling / Residential Well Sampling 
Following well installation activities a complete sitewide synoptic groundwater gauging event will take place to 
evaluate flow patterns of the aquifer. The synoptic gauging event will consist of gauging the 20 newly 
installed wells and the assumed 40 pre‐existing wells. 

To capture a complete, sitewide picture of the current groundwater plume, the newly installed wells and 
approximately 40 pre‐existing wells, along with 12 residential drinking water wells, will be sampled. The 
residential water well samples will be collected directly from the taps and/or spigots of buildings. The exact 
properties to be sampled will be selected after reviewing the results of the phases 1 and 2 investigations and 
after receiving permission to access each property.  

The groundwater samples will be submitted to the subcontracted laboratory for TCL VOC analysis with a 7‐day 
TAT. Additionally, due to the historical use of 1,4‐dioxane as a preservative of 1,1,1‐TCA, 10 samples will be 
analyzed for SVOC 1,4‐dioxane, also analyzed with a 7‐day TAT. Twenty of the monitoring wells will also be 
analyzed for MNA parameters with a 7‐day TAT including the following: nitrate/nitrite, sulfate and chloride, 
total iron, sulfide, TOC, and alkalinity. Water quality parameters (temperature, pH, DO, SpC, ORP, and 
turbidity) will be recorded in the field using a Horiba U‐52 or equivalent and a HACH colorimeter will be used 
to analyze ferrous iron during sample collection.  

Pore Water and Surface Water Sampling 
Historical groundwater data indicate that VOCs are potentially migrating to Fall Creek at concentrations that 
may pose a risk to ecological receptors. As a result, the groundwater to surface water interface pathway will 
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be evaluated as part of the Phase 2 activities. Data from Phase I will be evaluated to identify up to 10 pore 
water sample locations within Fall Creek. Well points at up to 10 locations will be installed and subsequently 
a pore water sample and collocated surface water grab sample collected for TCL VOC analysis. Water quality 
parameters (temperature, pH, DO, SpC, ORP, and turbidity) will be recorded for pore water and surface 
water using a Horiba U‐52 or equivalent. Pore water and surface water samples will be analyzed by a 
subcontracted laboratory with a 7‐day TAT.  

Phase 3 
The main objective for Phase 3 of the RI is the collection of data to support the HHRA. Activities in Phase 3 
will focus on the collection of soil gas data and soil samples at potential source areas.  

Soil Gas Sampling 
A soil gas investigation will be performed at the site to delineate site‐related VOC concentrations in soil gas 
at potential source areas, primarily in the northern area of the site. The soil gas investigation will be 
conducted in accordance with the EPA OSWER Technical Guide for Assessing and Mitigating the Vapor 
Intrusion Pathway from Subsurface Vapor Sources to Indoor Air (EPA 2015), the EPA Region 5 Vapor Intrusion 
Guidebook (EPA 2010), EPA TRIAD guidance such as EPA 542‐F‐05‐008 “Use of Dynamic Work Strategies 
Under a Triad Approach for Site Assessment and Cleanup ‒Technology Bulletin” (2005), and the IDEM 
Remediation Closure Guide (2012). 

Available site information such as the location of potential VOC source areas, historical groundwater and soil 
VOC concentrations, and previous vapor intrusion sampling data will be used to identify the areas of interest 
with the greatest potential for vapor intrusion. Consideration will also be given to placing external soil gas 
points close to buildings of interest and each soil gas location and a description of each soil gas location will 
be documented. Soil gas sampling will be performed in these areas initially, and will continue stepping out 
from them until the extent of the area(s) where soil gas VOC concentrations exceed EPA VISL and IDEM soil 
gas screening levels is delineated. Temporary soil gas probes and real‐time field analysis of soil gas will be 
used to expedite this process so that up to 80 locations can be sampled in a 2‐week period. 

Temporary soil gas probes will be installed using the Geoprobe post‐run tubing method with a DPT rig in the 
City of Indianapolis right‐of‐way and applicable private properties based on the Phase 1 and Phase 2 soil and 
groundwater sampling. The probe screen depths will primarily be within a foot above the capillary fringe 
(approximately 17 feet bgs) to target the most conservative soil gas concentrations, assuming the VOC 
source is groundwater. Additionally, up to 8 of the 80 locations will be sampled at 2 depths in the same 
boring to evaluate the vertical soil gas profile.  

Soil gas samples will be collected in Tedlar bags and analyzed in the field with a HAPSITE gas 
chromatograph/mass spectrometer for six primary constituents to include PCE, TCE, and four common 
degradation products. Confirmatory samples will be collected at 10 percent of the soil gas probe locations 
(8 samples) in Summa canisters equipped with flow controllers set at 200 milliliters per minute for analysis 
through the subcontracted laboratory VOCs with a 21‐day TAT.  

Source Soil Sampling  
Potential source areas contributing to the concentrations of PCE, TCE, and/or their degradation products in 
groundwater will be tentatively identified through the evaluation of groundwater and soil sample analytical 
results from Phases 1 and 2. Five soil borings will be installed at six of the seven potential source area 
properties for the purpose of collecting surface and subsurface soil samples to be used for HHRA. It is 
assumed that 2 soil samples will be collected from each of the 30 soil borings in the vadose zone generally 
from 0 to 2 feet bgs and 2 to 10 feet. The location of the borings will be discussed with EPA at the 
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completion of Phase 1 and Phase 2. The soil samples will be submitted to the subcontracted laboratory and 
analyzed for VOCs with a 7‐day TAT. 

Equipment Decontamination 
Equipment decontamination specifics are detailed in SOP #13. Nondisposable equipment used during each 
phase of fieldwork will be decontaminated by washing with a phosphate‐free detergent (for example, 
Liquinox) followed by a water rinse prior to reuse.  

Investigation‐derived Waste Characterization and Disposal 
IDW generated during the three phases of work will include soil, purge water, development water, 
decontamination water, and other miscellaneous contaminated debris (for example, plastic sheeting, gloves, 
tubing, etc.). Three waste streams, soil cuttings, aqueous wastes, and contaminated debris are anticipated 
for this site, and each waste stream will be separately containerized with like waste—soil and contaminated 
material (such as sheeting and sampling equipment) will be stored in roll‐off boxes and IDW water will be 
stored in a frac tank. IDW will be transferred each day from the work areas to the IDW staging area and 
secured. IDW will be characterized and disposed of in accordance with local, state, and federal regulations, 
which will be specified in the site management plan. Soil samples will be collected and analyzed by the 
subcontracted laboratory for the following: toxicity characteristic leaching procedure (TCLP) VOCs, TCLP 
SVOCs, TCLP pesticides, polychlorinated biphenyl (PCBs), TCLP RCRA 8 metals, ignitability, and 
corrosivity. Aqueous samples will be collected and analyzed for the following: VOCs, SVOCs, pesticides, RCRA 
8 metals, and corrosivity. 
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Worksheet #18—Sampling Locations and Methods 
Note: The sample locations and rationale for the Phases 2 and 3 sampling events will be finalized following review of the data collected during each previous 
phase of site activities. CH2M will submit a brief data evaluation memorandum to EPA with figures outlining proposed locations, numbers, and depth based 
on evaluations of phase of site work. The locations, depths, and numbers of monitoring wells, soil borings, and soil probes to be installed will be evaluated 
and approved by EPA prior to field activities. This worksheet will be updated prior to each phase of the field investigation.  

Sampling Location/ID 
Number  Matrix 

Depth 
(feet below ground surface)  Analytical Group 

Concentration
Level 

Number of Samples 
(identify field 
duplicates) 

Sampling SOP 
Referencea 

Rationale for 
Sampling Location 

Phase 1—Lithological Classification 

Continuous VOC 
screening of soils at 
15 soil borings 

Soil  Top of ground surface to top of 
bedrock (approximately 0 to 
80 feet bgs. 

VOCs – Field screening of 
soils with a PID for VOCs.  

Low  None  SOPs #1, #9, 
and #13   

To determine soil and 
groundwater grab 
sampling depths 
during Phase 1 

Phase 1—Collection of Soil Samples 

Soil samples from 
38 soil borings 

Soil  Sample intervals to be 
determined based on 
observations and PID readings. 
Soil samples to be collected 
generally from the following 
intervals: shallow (0 to 25 feet 
bgs), intermediate (25 to 60 feet 
bgs), and deep (60 to 80 feet bgs). 

Soil—TCL VOCs   Trace to low  Soil – Up to 26 (3)  SOPs #1, #2, 
#9, #11, #12, 
and #13   

To determine initial 
status of nature and 
extent of 
contamination in soils 
at the potential source 
areas and at properties 
downgradient 

Phase 1—Groundwater Grab Samples  

Groundwater grab 
samples  from 38 soil 
borings 

Groundwater  Sample intervals to be 
determined based on 
observations and PID readings. 
Groundwater samples to be 
collected generally from the 
following intervals: shallow (0 to 
25 feet bgs), intermediate (25 to 
60 feet bgs), and deep (60 to 80 
feet bgs). 

Groundwater—TCL VOCs  

Groundwater quality 
parameters, including ORP, 
pH, SpC, turbidity, DO, and 
temperature, will be 
recorded during purging. 
In addition to groundwater 
quality parameters, flow 
rate and depth to water will 
be monitored. 

Trace to low  Groundwater ‐ 47 (5)  SOPs #7, #9, 
#11, #12, #13, 
#14   

To determine initial 
status of nature and 
extent of 
contamination in 
groundwater at the 
potential source areas 
and at properties 
downgradient 
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Sampling Location/ID 
Number  Matrix 

Depth 
(feet below ground surface)  Analytical Group 

Concentration
Level 

Number of Samples 
(identify field 
duplicates) 

Sampling SOP 
Referencea 

Rationale for 
Sampling Location 

Phase 2—Groundwater/Private Well Sampling 

Samples from up to 
60 monitoring wells, 
including the following: 

 40 assumed
existing
monitoring wells

 20 monitoring
wells installed in
Phase 2 

 12 water samples
from residential
wells

Groundwater  Mid‐screen at each well. Well 
construction details will be 
summarized prior to the 
groundwater sampling event. 

Groundwater—TCL VOCs 

SVOCS (1,4‐dioxane only) 

MNA parameters including 
nitrate/nitrite, sulfate and 
chloride, total iron, sulfide, 
total organic carbon, and 
alkalinity. Ferrous iron will 
be measured in the field 
with a HACH Colorimeter.  

Groundwater quality 
parameters, including ORP, 
pH, SpC, turbidity, DO, and 
temperature, will be 
recorded during purging. 
In addition to groundwater 
quality parameters, flow 
rate and depth to water will 
be monitored.  

Trace to low  ‐ 72 (8) samples 
analyzed for TCL‐VOCs 

‐ 10 (1) samples 
analyzed for 
1,4‐dioxane 
‐20 (0) samples 
analyzed for MNA 
parameters 

SOPs #4, #7, 
#9, #11, #12, 
#13, and #15   

To determine 
nature and extent 
of contamination 
in groundwater at 
the site and 
evaluate  MNA as a 

remedial option  

Phase 2—Pore Water and Surface Water Sampling 

Samples from up to 10 
pore water sampling 
points and 10 
collocated surface 
water samples  

Surface 
water 

Pore water – 0‐ to 12‐inch 
interval below top of sediment. 
Surface water – approximately 
6 inches below top of water level. 

Groundwater—TCL VOCs 

Water quality parameters, 
including ORP, dissolved 
total solids, pH, SpC, 
turbidity, DO, and 
temperature, will be 
recorded during purging. 

Trace to low  ‐ 20 (2) samples 
analyzed for TCL‐VOCs 

SOPs #9, #11, 
#12, #13, and 
#17   

Results of Phase 1 will 
be used to identify up 
to 10 locations within 
Fall Creek  for pore 
water/surface water 
sampling  
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Sampling Location/ID 
Number  Matrix 

Depth 
(feet below ground surface)  Analytical Group 

Concentration
Level 

Number of Samples 
(identify field 
duplicates) 

Sampling SOP 
Referencea 

Rationale for 
Sampling Location 

Phase 3—Soil Gas Sampling 

Field analysis of up to 
80 samples using 
HAPSITE GC/MS 

Soil gas  80 samples collected primarily 
directly above the capillary fringe 
(approximately 17 feet bgs)  

Eight locations analyzed at two 
depths for vertical profiling; 
Shallow samples will be collected 
at basement depth and deep 
samples will be collected above 
the capillary fringe 

Soil Gas—6 VOCs  Low ‐ 88 (0) samples for 
VOCs using HAPSITE 
GC/MS 

SOPs #5, #9, 
#10, #13, and 
#18   

Sample locations to be 
determined based on 
historical 
groundwater, soil, and 
soil gas results; 
Locations will step out 
to find the extent of 
exceedances 

Additional samples 
collected for vertical 
profiling of soil gas 

Samples from up to 8 
HAPSITE locations 

Soil gas  8 samples collected primarily 
directly above the capillary fringe 
(approximately 17 feet bgs) to 
confirm the results of the 
HAPSITE 

Soil Gas—TO‐15 VOCs  Low  Soil Gas – Up to 8 (1)  SOPs #5, #8, 
#9, #10, and 
#13   

Confirmatory soil gas 
sampling at a 
frequency of 10 
percent 

Phase 3—Soil Sampling  

Collect soil samples 
from up to 30 soil 
borings from potential 
source areas if 
identified 

Soil  Soil samples will be collected 
from two depth intervals at each 
soil boring (approximately 0 to 2 
feet bgs and 2 to 10 feet bgs).  

Soil—TCL VOCs   Trace to low  Soil – Up to 60 (6)  SOPs #1, #2,  
#9, #11, #12, 
and #13   

To characterize nature 
and extent of 
contamination in soil 
and assess risk at 
potential source areas  

IDW Sampling 

IDW  Soil and Drill 
Cuttings 

NA  TCLP VOCs, TCLP SVOCs, 
TCLP pesticides, total PCBs, 
TCLP RCRA metals, 
ignitability, and corrosivity 

Low  2 (0)  SOPs #9, #11, 
#12, and #13 

Waste 
characterization 

IDW  Aqueous  NA  VOCs, SVOCs, pesticides, 
RCRA metals, and 
corrosivity 

Low  2 (0)  SOPs #9, #11, 
#12, and #13 

Waste 
characterization 

a Specify the appropriate letter or number for the SOP table (Worksheet #21). 
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Worksheets #19 and #30—Analytical SOP 
Requirements Table 

Matrix 
Analytical 
Group 

Concentration 
Level 

Analytical and 
Preparation 
Method/SOP 
Referencea 

Containers 
(number, 
size, and 
type) 

Preservation 
Requirements

Maximum Holding 
Time 

(preparation/analysis) 
Data Package 
Turnaround b 

Environmental Samples 

Aqueous  VOCs  Trace  Lab SOP #1  3 x 40‐mL 
glass vials 

HCl to pH <2; 
4 °C 

14 days to analysis  21 days 

Aqueous  1,4‐Dioxane  Low  Lab SOP#3  2 x 1 L 
amber 
G‐TLC 

4 °C  14 days to analysis  21days 

Aqueous  Total Iron  Low  Lab SOP #5  250‐mL 
plastic 

HNO3 to  
pH < 2, 4 °C 

180 days  21 days 

Aqueous  Chloride, 
Sulfate, 
Nitrate/ 
Nitrite 

Low  Lab SOP #4   2 x 250‐mL 
glass vials 

4 °C  28 days 
48 hours (or 28 days) 
28 days 

21 days 

Aqueous  Alkalinity  Low  Lab SOP #7   250‐mL 
plastic 

4 °C  14 days  21 days 

Aqueous  Sulfide  Low  Lab SOP #6  500‐mL 
glass 

NaOH/ZnAc, 
4 °C 

7 days  21 days 

Aqueous  TOC  Low  Lab SOP #7  2 x 40‐mL 
amber glass 

H2SO4 to pH 
< 2, 4 °C 

28 days  21 days 

Soil  VOCs  Low  Lab SOP #1  EnCore 
Samplers 

Deionized 
water, 4 °C 

48 hours to 
preservation, 
14 days to analysis 

21 days 

Soil Gas  VOCs  Low   Field SOP #18  1‐liter 
Tedlar Bag 

None  24 hours  24 hoursc 

Soil Gas  VOCs  Low   Lab SOP #2  1‐or 6‐liter 
Summa 
Canister 

None  30 days  21 days 

Waste Characterization Samples 

IDW‐Soil  TCLP VOCs  Low  Lab SOP #1 and 
#16 

4‐ounce or 
larger wide‐
mouth glass 
jar, no head 
space 

4 °C  14 days to TCLP, 
14 days to analysis 

21 days 

IDW‐Soil  TCLP SVOCs, 
TCLP 
Pesticides, 
and Total 
PCBs 

Low  Lab SOP #9, 
#10, #11, and 
#17 

16‐ounce or 
larger wide‐
mouth glass 
jar 

4 °C  14 days to TCLP,  
7 days to extract,  
40 days to analysis 

21 days 

IDW‐Soil  TCLP RCRA 8 
Metals 

Low  Lab SOP #5, 
#13 and #17 

4‐ounce or 
larger wide‐
mouth glass 
jar 

4 °C  14 days to TCLP,  
180 days to digest and 
analyze (28 days for 
mercury) 

21 days 
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Matrix 
Analytical 
Group 

Concentration 
Level 

Analytical and 
Preparation 
Method/SOP 
Referencea 

Containers 
(number, 
size, and 
type) 

Preservation 
Requirements

Maximum Holding 
Time 

(preparation/analysis) 
Data Package 
Turnaround b 

IDW‐Soil  pH, 
Flashpoint 

Low  Lab SOP #14 
and #15 

4‐ounce or 
larger wide‐
mouth glass 
jar 

4 °C  As soon as possible, 
28 days 

21 days 

IDW‐
Aqueous 

VOCs  Low  Lab SOP #1  3 x 40‐mL 
glass vials 

HCl to  
pH <2; 4 °C 

14 days to analysis  21 days 

IDW‐
Aqueous 

SVOCs  Low  Lab SOP #9  2 x 1‐L 
amber glass 

4 °C  7 days to extraction/ 
40 days to analysis 

21 days 

IDW‐
Aqueous 

Pesticides  Low  Lab SOP #10  2 x 1‐L 
amber glass 

4 °C  7 days to extraction/ 
40 days to analysis 

21 days 

IDW‐
Aqueous 

RCRA 8 
Metals  

Low  Lab SOP #5 and 
#12 

500‐mL 
plastic 

HNO3 to  
pH < 2, 4 °C 

180 days (mercury, 
28 days) 

21 days 

IDW‐
Aqueous 

pH   Low  Lab SOP #15  250‐mL 
plastic 

4 °C  As soon as possible, 
28 days 

21 days 

a Specify the appropriate reference letter or number from the analytical SOPs table (Worksheet #23).  

b Final data package TAT is 21 days. Three‐ to 7‐day TATs for preliminary data are generally required for Phase 1 and Phase 3 data as 
described in this QAPP.  

c Preliminary data within 24 hours. Full data package within 21 days of project completion.
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Worksheet #20—Field Quality Control 
Summary 

Field Duplicate Samples 
Field duplicates are two field samples taken concurrently at the same location. They are intended to 
represent the same population and are taken through all steps of the sampling and analytical procedures in 
the same manner as the associated native sample. The samples are used to assess the precision of the entire 
data collection activity, including sampling, sample handling and storage, and site heterogeneity. The field 
duplicates are assigned a unique sample name and are collected in a separate container from the associated 
native sample. One field duplicate will be collected for every 10 field samples. During collection of the field 
duplicate samples of soil gas, two Summa canisters will be connected with a T‐connector provided by the 
laboratory to allow for collection of the parent and duplicate sample at the same time. 

Matrix Spike/Matrix Spike Duplicate Samples 
Matrix spike (MS)/matrix spike duplicate (MSD) samples are an aliquot of the sample spiked with known 
concentrations of specific analytes. The spiking occurs before sample preparation and analysis at the 
laboratory. Samples will be collected in triplicate, and the additional volume used for MS/MSD analysis. 
An MS/MSD pair will be collected only for the soil and groundwater samples on a frequency of 1 MS/MSD 
for every 20 field samples. MS/MSD samples will not be collected for the soil gas sampling effort. 

Field Blanks 
Field blanks are collected to assess the potential introduction of contaminants from the surroundings by 
pouring deionized water directly into the sampling containers while out in normal field conditions. Field 
blanks, if deemed necessary, would be collected at a frequency of one per week. The field blank samples 
are analyzed for the same parameters as the field samples. Field blanks are not deemed necessary during 
this field effort because there are no concerns of contamination to the samples from the environment. 

Equipment Blanks 
Equipment blanks are collected to assess the potential introduction of contaminants from nondedicated 
equipment by pouring deionized water over the decontaminated equipment and then into the sampling 
containers. Equipment blank samples are collected at a frequency of one per 5‐ to 10‐day shift for each 
type of nondedicated sampling equipment. The equipment blanks will be analyzed for the same 
parameters as the field samples.  

Trip Blanks 
Trip blanks will be used to assess the potential introduction of contaminants to VOC sample containers 
during field events and during shipment of empty bottles to the site and samples to the laboratory. The trip 
blank consists of a VOC sample vial filled at the laboratory with laboratory grade deionized water. It is 
transported to the site in the same manner as the other sampling containers, stored with the samples in the 
field, and then returned to the laboratory for analysis. One trip blank will be included in each sample cooler 
containing VOC samples. 
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Ambient Blanks 
Ambient blanks are collected to assess ambient conditions with respect to the potential introduction of 
contaminants in soil gas. Ambient blanks, if deemed necessary, would be collected at a frequency of one per 
week. The ambient blank samples are analyzed for the same parameters as the field samples. 
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Worksheet #20—Field Quality Control Summary Table 

Matrix  Analytical Group 
Concentration 

Level 
Analytical and Preparation 

SOP Referencea 
Number of 
Samples  

Number of 
FDs 

Number of 
MS/MSDs  

Number of 
FB/EB/TB b/AB  

Total Number of 
Samples 

Soil gas – fixed 
laboratory 

Soil gas – field 
laboratory 

VOCs  

VOCs 

Low 

Low 

Laboratory SOP #2 

Field SOP #18 

10 

88 

1 

0 

‐ 

‐ 

1 AB 

‐ 

12 

‐ 

Aqueous  TCL VOCs 

1,4‐Dioxane 

Trace  Laboratory SOP #1 and #3  139 

10 

15 

1 

7/7 

1/1 

25 TB, 12 EB 
 2 EB 

190 

14 

Aqueous  Total iron, alkalinity, nitrate, 
nitrite, sulfate, chloride, 
sulfide, TOC 

Low  Laboratory SOP #4 
Laboratory SOP #5 
Laboratory SOP #6 

Laboratory SOP #7 
Laboratory SOP #8 

20 ‐ 20 

Soil  TCL VOCs  Low  Laboratory SOP #1  86  9  5/5  3 TB 
1 EB 

100 (soil) 
4 (aqueous) 

IDW‐Soil  TCLP VOCs, TCLP SVOCs, TCLP 
pesticides, PCBs, TCLP metals, 
pH, and flashpoint 

Low  Laboratory SOP #1 
Laboratory SOP #9 
Laboratory SOP #10 
Laboratory SOP #11 
Laboratory SOP #5 
Laboratory SOP #13 
Laboratory SOP #14 
Laboratory SOP #15 

Laboratory SOP #16 

Laboratory SOP #17  

6 ‐ ‐ ‐ 6 

IDW‐Aqueous  VOCs, SVOCs, Pesticides, RCRA 
8 metals, pH 

Low  Laboratory SOP #1 
Laboratory SOP #9 
Laboratory SOP #10 
Laboratory SOP #11 
Laboratory SOP #5 
Laboratory SOP #12 
Laboratory SOP #14 
Laboratory SOP #15 

7 ‐ ‐ ‐ 7 

a Specify the appropriate reference letter or number from the analytical SOPs table (Worksheet #23). 
b Assumes samples will be shipped daily 
FD = field duplicate; MS/MSD = matrix spike/matrix spike duplicate; FB – field blank; EB = equipment blank; TB = trip blank; AB = ambient blank 
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Worksheet #21—Field Standard Operating 
Procedures 

Reference Number
Title, Revision, Date 
and/or Number

Originating 
Organization Equipment Type 

Modified for Project 
Work? 

(Check if yes)  Comments

SOP #1  Soil Logging  CH2M  Logging Tools 

SOP #2  Soil Sample Collection 
(Rotary Sonic Drilling)  

CH2M  Rotary Sonic Drill Rig  

SOP #3  Direct‐Push Soil 
Sample Collection  

CH2M  Direct‐Push Drill Rig 

SOP #4  Groundwater 
Monitoring Well 
Installation 

CH2M  Rotary Sonic or 
Direct‐Push Drill Rig 

SOP #5  Installation of 
Temporary Soil Gas 
Sampling Probes 

CH2M  Direct‐Push Drill Rig, 
PRT Sampler 

SOP #6  Well Development  CH2M  Surge Block, Well 
Pump 

SOP #7  Low‐Flow 
Groundwater Sample 
Collection 

CH2M  Submersible pump, 
Flow Through Cell, 
Water Parameter 
Meter, Water Level 
Indicator 

SOP #8  Collection of Soil Gas 
Samples from 
Temporary and 
Permanent Probes 
Using Canisters 

CH2M  Canister, Flow 
Controller and Vacuum 
Gauge 

SOP #9  Note‐taking and Field 
Logbook 

CH2M  Procedural Guidance 

SOP #10  Utility Clearance for 
Intrusive Operations 

CH2M  Procedural Guidance 

SOP #11  Sample Handling and 
Chain‐of‐Custody 
Procedures 

CH2M  Procedural Guidance 

SOP #12  Packing and Shipping 
of Environmental 
Samples 

CH2M  Procedural Guidance 

SOP #13  Equipment 
Decontamination 
Procedures 

CH2M  Procedural Guidance 

SOP #14  Groundwater Grab 
Sample Collection   

CH2M  Rotary Sonic Drill Rig, 
Reusable Stainless‐
Steel Screen, Well 
Pump  
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Reference Number
Title, Revision, Date 
and/or Number

Originating 
Organization Equipment Type 

Modified for Project 
Work? 

(Check if yes)  Comments

SOP #15  Private Well 
Groundwater 
Sampling Procedures  

CH2M  Water Parameter 
Meter 

SOP #16  Aquifer Slug Test  CH2M  Slug(s), Pressure 
Transucers, Water 
Level Indicator 

SOP #17  Well Point Method 
Pore Water and 
Surface Water 
Sampling Procedures 

CH2M  Well Point Apparatus, 
Water Parameter 
Meter, Water Pump, 
Water Level Indicator 

SOP #18  Analytical Method For 
The Determination Of 
Volatile Organics In 
Soil Gas Using The 
HAPSITE Field GC/MS 

CH2M  HAPSITE 
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Worksheet #22—Field Equipment Calibration, Maintenance, 
Testing, and Inspection 

Field Equipment  Calibration Activity  Maintenance Activity Testing Activity  Frequency 
Acceptance 
Criteria 

Corrective 
Action 

Responsible 
Person  SOP Referencea 

PID  Calibrate with 
standards. 

Model‐specific, per 
manufacturer's 
recommendation. 

Soil Screening, 
Air Monitoring 

Daily  Model specific, per 
manufacturer's 
recommendation. 

As needed per 
SOP. 

Field Team Leader  Model‐ and 
manufacturer‐ 
specific 

Combustible 
gas/oxygen/ 
hydrogen sulfide 
monitors 

Calibrate with 
standards. 

Model‐specific, per 
manufacturer's 
recommendation. 

Air Monitoring  Daily  Model specific, per 
manufacturer's 
recommendation. 

As needed per 
SOP. 

Field Team Leader  Model‐ and 
manufacturer‐ 
specific 

Water level indicator 
or oil/water interface 
probe 

Calibrate annually to 
determine the 
accuracy of the 
measurement. 

Perform maintenance 
per manufacturer’s 
instructions. 

Measures depth‐
to‐liquid and 
total well depth 

Daily before use  ± 0.01 foot  If meter fails to 
calibrate, do 
not use this 
meter. 

Field Team Leader  Model‐ and 
manufacturer‐ 
specific 

Multiprobe water 
quality meter 

Calibrate with 
standards. 

Model‐specific, per 
manufacturer's 
recommendation. 

PH, dissolved 
oxygen, ORP, 
temperature, 
conductivity, 
turbidity 

Daily  Model specific, per 
manufacturer's 
recommendation. 

As needed per 
SOP. 

Field Team Leader  SOP #7, model‐ 
and manufacturer‐ 
specific 

Helium detector  Bump Check with 
10% helium gas 
(factory calibration 
only). 

Charge batteries. 
Allow the batteries to 
totally discharge 
before recharging to 
prevent battery 
memory from 
occurring. Perform 
maintenance per 
manufacturer’s 
instructions. 

Leak check of 
subslab probe 
and tubing 

Daily before use  ±5% of bump check 
gas 

If meter fails to 
calibrate 
correctly, do 
not use this 
meter. 

Field Team Leader  SOP #8, model‐ 
and manufacturer‐ 
specific 
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Field Equipment  Calibration Activity  Maintenance Activity Testing Activity  Frequency 
Acceptance 
Criteria 

Corrective 
Action 

Responsible 
Person  SOP Referencea 

Hach Ferrous Iron Test 
Kit 

None  Confirm reagents 
used are within 
expiration dates. 

Field 
groundwater 
ferrous iron test 

Daily before use  Reagents are 
within expiration 
dates 

Replace expired 
reagents. 

Field team member None (see test kit 
instructions)  

LandTec GEM 2000 
landfill gas meter 

Check fresh air levels 
to confirm they are 
within the typical 
range. 

Perform maintenance 
per manufacturer’s 
instructions. 

Field screen soil 
gas for oxygen, 
carbon dioxide, 
and methane. 

Daily before use  ±5% of typical air 
concentrations 

If meter fails to 
calibrate 
correctly, do 
not use this 
meter. 

Field Team Leader  SOP #8, model‐ 
and manufacturer‐ 
specific 

Purge Pump / 
Rotometer / Manifold 

Calibrate Rotometer 
using Dry Cal  

Perform maintenance 
per manufacturer’s 
instructions; tighten 
connections daily. 

Manifold leak 
check 

Daily before use  No change in 
manifold vacuum 
for 30 seconds. 

If leaks are 
indicated, 
tighten fittings. 
If manifold 
continues to 
leak or if 
rotometer fails 
to calibrate 
correctly, do 
not use 
equipment. 

Field Team Leader  SOP #8 

Pressure Transducer  Test transducer in  
bucket of water to 
determine if changes 
in depth are detected 

Perform maintenance 
per manufacturer’s 
instructions. 

Field check to 
ensure unit is 
working prior to 
slug tests 

Daily before use  The difference of
the two real‐times 
values should 
correlate directly 
with the distance 
the transducer was 
moved or the 
depth to which the 
transducer was 
submerged.

If transducer 
fails to calibrate 
correctly, do 
not use this 
meter. 

Field Team Leader  SOP #16 

HAPSITE gas 
chromatograph/mass 
spectrometer  

Initial Calibration  NA  5 point initial 
calibration. Low 
point at or below 
reporting limit. 

Prior to sample 
analysis 

Percent RSD ≤ 30 or 
linear ≤0.995 

Correct 
problem then 
repeat IC Curve 

Field Chemist
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Field Equipment  Calibration Activity  Maintenance Activity Testing Activity  Frequency 
Acceptance 
Criteria 

Corrective 
Action 

Responsible 
Person  SOP Referencea 

Calibration Check  NA  Midpoint of 
calibration curve 

At the start and 
end of each day 

70‐130 percent  Perform 
maintenance 
and repeat test. 
If the system 
still fails the 
CCV, perform a 
new initial 
calibration. For 
closing CCV, flag 
data. 

Field Chemist

Maintenance  As outlined in the 
manufacturer’s 
instruction manual. 

NA  Proper storage 
during inactive 
periods 

NA  Follow 
procedure as 
outlined in the 
manufacturer’s 
water quality 
meter 
instruction 
manual or 
contact vendor 
technical 
support. 

Field Chemist

a Refer to the project SOPs table (Worksheet #21).  

CCV = continuing calibration verification 
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Worksheet #23—Analytical SOPs  

Reference 
Number 

Title, Revision, Date, 
and/or Number 

Definitive 
or 

Screening 
Data   Analytical Group  Instrument 

Organization 
Performing 
Analysis 

Modified 
for Project 
Work? 

Laboratory 
SOP #1 

Volatile Organic 
Compounds SW‐846 
Method 
8260B/5030C/5035A 

Definitive  VOCs (Groundwater, 
Surface Water , Pore 
Water, Private Wells, Soil, 
IDW) 

GC/MS  ALS  

Laboratory 
SOP #2 

Analysis of Volatile Organic 
Compounds in Ambient Air 
Using Polished Stainless 
Steel Passivated Caniters by 
EPA Method TO‐15 for VAP 
Analysis 

Definitive  VOCs (Soil Gas)  GC/MS  ALS 

Laboratory 
SOP #3 

Semivolatile Organic 
Compounds by GC/MS 
Selective Ion Monitoring 
EPA Method 8270D SIM 

Definitive  1,4‐Dioxane (Groundwater) GC/MS  ALS 

Laboratory 
SOP #4 

Anions by Ion 
Chromatography SW846 
9056A/EPA 300.0 

Definitive  Chloride, Nitrate, Nitrite, 
Sulfate (Groundwater) 

Ion 
Chromatograph  

ALS 

Laboratory 
SOP #5 

Metals by ICP‐AES EPA 
200.7 / SW‐846 6010C 

Definitive  Total Iron (Groundwater) 
and Metals (IDW) 

ICP‐AES  ALS 

Laboratory 
SOP #6 

Total, Reactive, and Acid‐
Soluble Sulfide EPA 376.1/ 
SM 4500S2‐F/ SW846 9034/ 
SW846 9030B/ SW846 
7.3.4.2 

Definitive  Sulfide (Groundwater)  Titration  ALS 

Laboratory 
SOP #7 

Total Organic Carbon SW‐
846 9060/ SM 5310C /EPA 
415.3 

Definitive  TOC (Groundwater)  Carbonaceous 
Analyzer 

ALS 

Laboratory 
SOP #8 

Alkalinity SM 2320B/ SM 
4500CO2 D 

Definitive  Alkalinity (Groundwater)  Titration  ALS 

Laboratory 
SOP #9 

Semi‐Volatile Organic 
Compounds SW‐846 
Method 8270C/ 8270D/ EPA 
625 

Definitive  SVOCs (IDW))  GC/MS  ALS 

Laboratory 
SOP #10 

 Organochlorine Pesticides 
SW‐846 Method 8081A 

Definitive  Pesticides (IDW)  GC/ECD  ALS 

Laboratory 
SOP #11 

Polychlorinated Biphenyls 
SW‐846 8082/8082A 

Definitive  Total PCBs (IDW)  GC/ECD  ALS 

Laboratory 
SOP #12 

Mercury – Aqueous EPA 
245.1/ SW846 7470A  

Definitive  Mercury (IDW)  CVAA  ALS 

Laboratory 
SOP #13 

Mercury – Solids SW846 
7471A/B  

Definitive  Mercury (IDW)  CVAA  ALS 

Laboratory 
SOP #14 

Flash Point by Pensky‐
Martens Closed Cup 
ASTM D93‐11 

Definitive  Flashpoint (IDW)  Pensky‐Martens 
tester & 
Thermometer 

ALS 

Laboratory 
SOP #15 

pH Measurement SM4500‐
H B/ EPA 150.1/ SW9040C/ 
SW9045D 

Definitive  pH (IDW)  pH meter  ALS 
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Reference 
Number 

Title, Revision, Date, 
and/or Number 

Definitive 
or 

Screening 
Data   Analytical Group  Instrument 

Organization 
Performing 
Analysis 

Modified 
for Project 
Work? 

Laboratory 
SOP #16 

Toxicity Characteristic 
Leaching Procedure – Zero 
Headspace Extraction 
SW846 1311 

‐  IDW ‐ ALS 

Laboratory 
SOP #17 

Toxicity Characteristic 
Leaching Procedure – Non‐
Volatile Extraction SW846 
1311 

‐  IDW ‐ ALS 

Laboratory 
SOP #18 

Sample Receipt)  ‐  All ‐  ALS 

GC/MS = gas chromatograph/mass spectrometry, GC/ECD = gas chromatograph/electron capture detector, ICP‐AES =inductively 
coupled plasma‐atomic emission spectroscopy, CVAA = cold vapor atomic absorption 
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Worksheet #24—Analytical Instrument Calibration 

Instrument 
Calibration 
Procedure  Frequency of Calibration  Acceptance Criteria  Corrective Action 

Person 
Responsible for 
Corrective Action 

SOP 
Referencea 

GC/MS (for 
VOCs in Soil 
Gas) 

Initial Calibration 
(IC) 

Instrument receipt, instrument 
change (new column, source 
cleaning, etc.), when continuing 
calibration verification (CCV) is 
out of criteria.  

Five‐point curve ‐ The percent relative 
standard deviation (%RSD) for all 
analytes must be ≤ 30%, with at most 
two exceptions up to a limit of 40%. 

Repeat calibration if criterion 
is not met. 

Analyst 
Laboratory 
SOP #1 

Initial Calibration 
Verification (ICV) 

Once after each IC.  All analytes within 70 to 130 %R. 
Correct problem, rerun ICV. 
If that fails, repeat IC. 

CCV  Daily. 
All project analytes within ± 30% of 
true value. 

Correct problem, rerun CCV. 
If that fails, repeat IC. 

BFB Tune  Every 24 hours. 
Refer to method for specific ion 
criteria. 

Retune and/or clean source. 

GC/MS (for 
VOCs) 

IC 

Instrument receipt, instrument 
change (new column, source 
cleaning, etc.), when CCV is out 
of criteria.  

Five‐point curve ‐ The average RFs for 
system performance check 
compounds (SPCCs) must be ≥ 0.30 
for chlorobenzene and 1,1,2,2‐
tetrachlorobenzene and ≥ 0.10 for 
chloromethane, 1,1‐dichloroethane 
and bromoform. 
The %RSD for RFs for calibration check 
compounds (CCCs) must be ≤ 30%, 
and one option below must be met:  
Option 1) %RSD ≤ 15% for all other 
compounds. If not met:  
Option 2) Linear least squares 
regression: correlation coefficient (r) 
≥ 0.995. 
Option 3) Non‐linear regression: 
coefficient of determination (r2) ≥ 
0.99 (6 points for second order). 

Repeat calibration if criterion 
is not met. 

Analyst 
Laboratory 
SOP #2 

 ICV  Once after each IC. 
All project analytes within ± 20% of 
true value. 

Correct problem and verify 
second source standard. 
Rerun second source 
verification. If that fails, 
correct problem and repeat IC. 
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Instrument 
Calibration 
Procedure  Frequency of Calibration  Acceptance Criteria  Corrective Action 

Person 
Responsible for 
Corrective Action 

SOP 
Referencea 

CCV 
At the beginning of each 
12‐hour shift immediately after 
BFB tune. 

(1) Average RF for SPCCs: VOCs ≥ 0.30 
for chlorobenzene and 1,1,2,2‐
tetrachloroethane; ≥ 0.1 for 
chloromethane, bromoform and 
1,1‐dichloroethane. 
(2) %Difference/Drift for all target 
compounds and surrogates: VOCs 
≤ 20%D (Note, D = Difference when 
using RFs, D = Drift when using least 
squares regression or non‐linear 
calibration.) 

Repeat IC and reanalyze all 
samples analyzed since the 
last successful calibration 
verification. 

BFB Tune  Every 12 hours. 
Refer to method for specific ion 
criteria. 

Retune and/or clean source. 

Retention time 
window position 
establishment 

Once after each IC for each 
analyte and surrogate. 

Position shall be set using the 
midpoint standard of the IC curve 
when IC is performed. On days when 
IC is not performed, the initial CCV is 
used. 

N/A 

Evaluation of 
relative retention 
times (RRT) 

With each sample. 
RRT of each target analyte within ± 
0.06 RRT units. 

Correct problem, then rerun 
IC. Flagging criteria are not 
appropriate. 

GC/MS (for 
SVOCs) 

ICAL 

Instrument receipt, instrument 
change (new column, source 
cleaning, etc.), when CCV is out 
of criteria.  

Five‐point curve ‐ The average RF for 
SPCCs must be ≥ 0.050; The %RSD for 
RFs for CCCs must be <30%, and one 
option below must be met: Option (1) 
%RSD ≤ 15% for all other compounds. 
If not met: Option (2) Linear least 
squares regression: r ≥ 0.995. Option 
(3) Non‐linear regression: r2 ≥ 0.99 
(6 points for second order). 

Repeat calibration if criterion 
is not met. 

Analyst 
Laboratory 
SOP #5 

ICV  Once after each IC. 
All analytes within ± 20% of the 
expected value. 

Correct problem and verify 
second source standard. 
Rerun second source 
verification. If that fails, 
correct problem and repeat IC. 
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Instrument 
Calibration 
Procedure  Frequency of Calibration  Acceptance Criteria  Corrective Action 

Person 
Responsible for 
Corrective Action 

SOP 
Referencea 

CCV 
At the beginning of each 
12‐hour shift immediately after 
DFTPP tune. 

(1) Average RF for SPCCs: SVOCs ≥ 
0.050 
(2) %Difference/Drift for all target 
compounds and surrogates: VOCs ≤ 
20%D (Note, D = Difference when 
using RFs, D = Drift when using least 
squares regression or non‐linear 
calibration.) 

Repeat IC and reanalyze all 
samples analyzed since the 
last successful calibration 
verification. 

DFTPP Tune  Every 12 hours. 
Must meet the ion abundance criteria 
required by the method. 

Retune and/or clean source. 

Retention time 
window position 
establishment 

Once after each IC for each 
analyte and surrogate. 

Position shall be set using the 
midpoint standard of the ICAL curve 
when IC is performed. On days when 
IC is not performed, the initial CCV is 
used. 

N/A 

Evaluation of RRT  With each sample. 
RRT of each target analyte within 
± 0.06 RRT units. 

Correct problem, then rerun 
IC. Flagging criteria are not 
appropriate. 

GC/ECD (for 
Pesticides) 

ICAL 
Instrument receipt, major 
instrument change, when CCV 
does not meet criteria. 

Five‐point curve ‐ One of the options 
below: Option 1: RSD for each analyte 
≤ 20%; Option 2: linear least squares 
regression: r ≥ 0.995; Option 3: 
non‐linear regression: r2 ≥ 0.99 (6 
points shall be used for second order) 

Midpoint calibration of Toxaphene; if 
detected in sample, 6‐point 
calibration is performed. 

Repeat IC and/or perform 
necessary equipment 
maintenance. Check 
calibration standards. 
Reanalyze affected data.  

Analyst 
Laboratory 
SOP #6 ICV  Immediately following IC. 

All project analytes within ± 20% of 
expected value from the ICAL. 

Correct problem, rerun ICV. 
If that fails, repeat IC. 

CCV 

After every 10 samples; If 
calibration curve previously 
analyzed, analyze daily before 
samples. 

%D ≤ 20 for both the quantitation and 
confirmation columns. 

Correct problem, then rerun 
calibration verification. If 
that fails, repeat IC. 
Reanalyze samples since last 
successful calibration 
verification. 

Breakdown Check  At beginning of each 12 hour 
period. 

Degradation <15% for both DDT and 
Endrin. 

Correct problem, then 
repeat breakdown check. 
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Instrument 
Calibration 
Procedure  Frequency of Calibration  Acceptance Criteria  Corrective Action 

Person 
Responsible for 
Corrective Action 

SOP 
Referencea 

GC/ECD (for 
Herbicides) 

ICAL 
Instrument receipt, major 
instrument change, when CCV 
does not meet criteria. 

Six‐point curve ‐ One of the options 
below: 

Option 1: RSD for each analyte ≤ 20%; 
Option 2: linear least squares 
regression: r ≥ 0.995 

Repeat IC and/or perform 
necessary equipment 
maintenance. Check 
calibration standards. 
Reanalyze affected data. 

Analyst 
Laboratory 
SOP #7 

ICV  Immediately following IC.  %D ≤ 15  Correct problem, rerun ICV. 
If that fails, repeat IC. 

CCV 

After every 10 samples; If 
calibration curve previously 
analyzed, analyze daily before 
samples. 

%D ≤ 15  
Correct problem, rerun CCV. 
If that fails, repeat IC. 

Retention time 
window position 
establishment 

With each sample. 
RRT of each target analyte within ± 
0.66 RRT units. 

Correct problem, then rerun 
IC. Flagging criteria are not 
appropriate. 

GC/ECD (for 
PCBs 

IC 
Instrument receipt, major 
instrument change, when CCV 
does not meet criteria. 

Six‐point curve ‐ One of the options 
below: Option 1: RSD for each analyte 
≤ 20%; Option 2: linear least squares 
regression: r ≥ 0.995 

Repeat IC and/or perform 
necessary equipment 
maintenance. Check 
calibration standards. 
Reanalyze affected data. 

Analyst 
Laboratory 
SOP #8 

ICV  Immediately following IC.  %D ≤ 20 
Correct problem, rerun ICV. 
If that fails, repeat IC. 

CCV 

After every 10 samples; If 
calibration curve previously 
analyzed, analyze daily before 
samples. 

%D ≤ 20 
Correct problem, rerun CCV. 
If that fails, repeat IC. 

Retention time 
window position 
establishment 

Once after each IC for each 
analyte and surrogate. 

Position shall be set using the 
midpoint standard of the IC curve 
when IC is performed. On days when 
IC is not performed, the initial CCV is 
used. 

N/A 

ICAP 
(metals) 

IC  
Instrument receipt, major 
instrument change, when CCV 
does not meet criteria. 

Minimum one high standard and a 
calibration blank for all analytes. If 
more than one calibration standard is 
used, correlation coefficient (r) ≥ 
0.995 (r2>0.990). 

Correct problem, then 
repeat IC. Flagging criteria 
are not appropriate.  Laboratory 

SOP #4 

ICV 
Once after each IC, prior to 
beginning a sample run. 

All analytes within 90 to 110 %R. 
Correct problem and verify 
second source standard. 
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Instrument 
Calibration 
Procedure  Frequency of Calibration  Acceptance Criteria  Corrective Action 

Person 
Responsible for 
Corrective Action 

SOP 
Referencea 

Rerun ICV. If that fails, 
correct problem and repeat 
IC. Flagging criteria are not 
appropriate. 

CCV 
After every 10 field samples and 
at the end of the analysis 
sequence. 

All analytes within 90 to 110 %R. 

Correct problem, rerun CCV. 
If that fails, then repeat IC. 
Reanalyze all samples since 
the last successful CCV.  

Linear dynamic 
range or high‐level 
check standard 

Every 6 months  Within ±10% of true value.  N/A 

Low‐level 
calibration check 
standard 

Daily, after 1‐point IC.  Within ±20% of true value. 
Correct problem, then 
reanalyze. Flagging criteria 
are not appropriate. 

Calibration Blank 
Before beginning a sample run, 
after every 10 samples, and at 
end of the analysis sequence. 

No analytes detected > 3x MDL. 

Correct problem. Reprepare 
and reanalyze calibration 
blank. All samples following 
the last acceptable 
calibration blank must be 
reanalyzed.  

Interference check 
solutions (ICSs) 

After beginning of the analytical 
run. 

ICS‐A: Absolute value of concentration 
for all non‐spiked analytes < 2x LOQ 
ICS‐AB: Within 20% of true value 

Terminate analysis; locate 
and correct problem; 
reanalyze ICS, reanalyze all 
samples.  

CVAA (for 
mercury) 

IC 
Instrument receipt, major 
instrument change, at the start 
of each day. 

Five‐point curve. If more than one 
calibration standard is used, 
correlation coefficient (r) ≥ 0.995 
(r2>0.990). 

Correct problem, then 
repeat IC. Flagging criteria 
are not appropriate. 

Analyst 
Laboratory 
SOP #9 

ICV 
Once after each IC, prior to 
beginning a sample run. 

All analytes within 80 to 120 %R. 

Correct problem and verify 
second source standard. 
Rerun ICV. If that fails, 
correct problem and repeat 
IC. Flagging criteria are not 
appropriate. 

CCV 
After every 10 field samples and 
at the end of the analysis 
sequence. 

All analytes within 80‐120 %R. 

Correct problem, rerun CCV. 
If that fails, then repeat IC. 
Reanalyze all samples since 
the last successful CCV.  
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Instrument 
Calibration 
Procedure  Frequency of Calibration  Acceptance Criteria  Corrective Action 

Person 
Responsible for 
Corrective Action 

SOP 
Referencea 

Calibration Blank 
Before beginning a sample run, 
after every 10 samples, and at 
end of the analysis sequence. 

No analytes detected < LOQ. 

Correct problem. Re‐prep 
and reanalyze calibration 
blank. All samples following 
the last acceptable 
calibration blank must be 
reanalyzed.  

a Specify the appropriate reference letter or number from the Analytical SOP References table (Worksheet #23). 

GC/ECD = gas chromatograph/electron capture detector, GC/MS = gas chromatograph/mass spectrometry, ICAP = inductively coupled argon plasma, CVAA = cold vapor atomic absorption, 
SPCC = system performance check compound, IC = initial calibration, ICV = initial calibration verification, CCV = continuing calibration verification, DFTPP = 
decafluorotriphenylphosphine, BFB = 4‐bromoflurobenzene, %D = percent drift, RRT = relative retention time, %RSD = percent relative standard deviation, RF = response factor, CCC = 
calibration check compounds, ICS = interference check solution, LOQ = level of quantitation 
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Worksheet #25—Analytical Instrument and Equipment 
Maintenance, Testing, and Inspection 

The subcontract laboratory will keep all maintenance, testing, and inspection records on file at the laboratory. The instrument and equipment 
maintenance, testing, and inspection activities are documented per the SOPs listed in Worksheet #23. If requested, a reference attachment from the 
subcontract laboratory’s quality manual will be included in the final QAPP once the laboratory has been procured.  

Instrument/ 
Equipment 

Maintenance 
Activity  Testing Activity 

Inspection 
Activity  Frequency 

Acceptance 
Criteria  Corrective Action

Responsible 
Person  SOP Referencea 

a Specify the appropriate reference letter or number from the analytical SOPs table (Worksheet #23).

Worksheet Not Applicable (State Reason)
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Worksheets #26 and #27—Sample Handling, 
Custody, and Disposal 
Sample Collection, Packaging, and Shipment 

Sample Collection (Personnel/Organization): Field team leader/CH2M  

Sample Packaging (Personnel/Organization): Field team leader/CH2M  

Coordination of Shipment (Personnel/Organization): Field team leader/CH2M  

Type of Shipment/Carrier: Federal Express Overnight 

Sample Receipt and Analysis 

Sample Receipt (Personnel/Organization): Laboratory  

Sample Custody and Storage (Personnel/Organization): Laboratory 

Sample Preparation (Personnel/Organization): Laboratory 

Sample Determinative Analysis (Personnel/Organization): Laboratory 

Sample Archiving 

Field Sample Storage (No. of days from sample collection): See QAPP Worksheet #19 for allowable holding time 

Sample Extract/Digestate Storage (No. of days from extraction/digestion): See QAPP Worksheet #19 for allowable holding time 

Sample Disposal 

Personnel/Organization: Laboratory 

Number of Days from Analysis: The laboratory will retain samples for at least 90 days and sample extracts for at least 30 days, after 
submittal, pending the need for reanalysis. 

Field Sample Custody Procedures (sample collection, packaging, 
shipment, and delivery to laboratory) 
Sample handling and chain‐of‐custody procedures will be performed in accordance with SOP #11, and 
packaging and shipping of environmental samples will be performed in accordance with SOP #12. 

Sample coolers will be shipped to arrive at the laboratory the morning after sampling (priority overnight) or 
will be sent by a courier to arrive the same day. The laboratory will be notified of the sample shipment and 
the estimated date of arrival of the samples being delivered. 

For the soil gas sampling, soil gas samples will be shipped in boxes provided by the laboratory and will be 
shipped for priority overnight delivery. Regulations for packaging, marking/labeling, and shipping of 
hazardous materials and wastes are promulgated by the U.S. Department of Transportation. Air carriers that 
transport hazardous materials, in particular Federal Express, require compliance with the current edition of 
the International Air Transport Association Dangerous Goods Regulations, which applies to shipment and 
transportation of hazardous materials by air carrier. Following current International Air Transport 
Association regulations will ensure compliance with U.S. Department of Transportation regulations. 



UFP QAPP: KEYSTONE CORRIDOR GROUNDWATER CONTAMINATION SITE 
REVISION NUMBER: 0 
REVISION DATE: NOVEMBER 2015 

102   EN0908151012MKE  

Laboratory Sample Custody Procedures (receipt of samples, 
archiving, and disposal) 
Laboratory sample custody procedures will be performed in accordance with the laboratory SOP. Upon 
sample receipt, the laboratory sample custodian will verify package seals, open the packages, check 
temperature blanks, record temperatures, verify sample integrity, and inspect contents against chain‐of‐
custody forms. The project chemist will be contacted to seek resolution of any discrepancies between 
sample containers and chain‐of‐custody forms through contract‐defined channels of communication. Once 
the shipment and chain‐of‐custody form are in agreement, the sample custodian will initiate an internal 
chain‐of‐custody form, as well as supply the laboratory task manager with a sample acknowledgement 
letter. When applicable, sample preservation will be checked and pH documented. If the sample 
temperatures are outside the required range, the laboratory will contact the project chemist as to the 
proper course of action. Soil gas sample canister vacuums will be checked upon receipt and the vacuum 
readings will be provided to the project chemist. 

Samples will be logged in and assigned a unique laboratory number for each sample, and the number will 
be used by all laboratory personnel handling samples to ensure all sample information is captured. 
Analyses required will be specified by codes assigned to samples at login. Labels containing the laboratory 
sample number are generated and placed on sample bottles. 

After the laboratory labels the samples, they will be moved to refrigerators where they will be maintained at 
4 + 2 degrees Celsius. Sample canisters for TO‐15 analysis do not require refrigeration.  

When the analyst is ready to prepare and/or analyze the sample(s), an appropriate member of the sample 
management department will locate the sample(s) in the locked refrigerator, sign and date the internal 
sample tracking form, and provide the sample(s) to the analyst. When the analyst is finished with the 
sample(s), unused portions will be returned to an appropriate member of the sample management 
department for replacement in a secure refrigerator. The analyst will sign and date internal chain‐of‐custody 
forms. In the event that entire samples are depleted during analysis, a notation of “sample depleted” or 
“entire sample used” will be written on the internal chain‐of‐custody forms. 

Samples will be stored in designated secure, refrigerated storage areas. Samples and sample extracts will be 
maintained in a secure storage until disposal. No samples or extracts will be disposed of without prior 
written approval from an appropriate member of the project team. The sample custodian will note the 
sample disposal date in the sample ledger. The laboratory will dispose of samples in accordance with 
applicable regulations. 

Documentation will be placed in a single, secured project file maintained by the laboratory project 
manager. The file will consist of the following components: agreements, correspondence, memorandums, 
notes, and data. 

Reports (including QA reports) will be filed with correspondence. Analytical laboratory documentation, field 
data, and notes will be filed with the laboratory data. Filed materials may only be removed by authorized 
personnel on a temporary basis. The name of the person removing the file will be recorded. Laboratories 
will retain project files and data packages for 5 years, unless otherwise agreed. 

Sample Identification Procedures 
A sample numbering system will be used to identify each sample, including duplicate, field blank, and 
equipment blank samples. The sample number will be a unique identifier.  
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Each sample, regardless of analytical protocol, will also be assigned a CH2M site‐specific identifier, which will 
contain a site‐ and sample‐specific location identifier that indicates where the sample was obtained.  

The sample number and station location identifier will be included on the sample tag, the traffic report, and 
the chain‐of‐custody record. 

The site‐specific identifier is based on the following system: 

 Site—KC (Keystone Corridor).

 Station Location—The station location identifier is the unique name of the sampling location:

 Soil gas “SG”

 Soil “SO”

 WS “water supply well”

 Monitoring well “MW”

 Groundwater grab “GW”
‐  Pore Water “PW”
‐  Surface Water “SW”

Immediately following the sampling location type is the unique sampling location identifier three‐digit
number that indicates exactly where the sample was collected.

 For previously installed monitoring wells located throughout the site, use a MW‐“001” and go up in
number for each well sampled. This will be done to avoid confusion over possible duplicate historical 
well IDs from multiple properties. A letter identifier “S” (for shallow), “I” (for intermediate), or “D” 
(for deep) will be added at the end of the sample ID to denote the screen position in the aquifer.  

 For new wells installed during this RI, start with “101” and go up in number and add S, I, or D for 
position in the aquifer.  

 For private wells, start with RW‐001 and go up in number and add S, I, or D for position in the 
aquifer.  

 For groundwater grab samples, start with GW‐001 and go up in number.  

 For locations analyzed through the HAPSITE method, start with HS‐001.  

 For locations where soil gas samples are collected via a Summa canister, start with SG‐001. 

 For soil samples start with SO‐001.  

 Sample Depth—For soil, groundwater gab, HAPSITE, Summa soil gas, and soil samples, the interval
sampled will be added to the sample ID following the station location code. Sample depths will be
designated with two digits for the top of the interval (rounded to the nearest foot bgs) and two digits for
the bottom of the interval (rounded to the nearest foot bgs). The exact sample depth interval should
recorded to the field book rounded to the nearest tenth of a foot.

 Date—Samples IDs will end with a six‐digit date,

 Soil Samples—The soil interval sampled will be added to the sample ID between the station location and
the date, with two digits for the top of the interval (rounded to the nearest foot bgs) and two digits for
the bottom of the interval (rounded to the nearest foot bgs). The exact sample depth interval should
recorded to the field book rounded to the nearest tenth of a foot.

 QC Samples—Blind field duplicates will be submitted for all sample media in the format “KC‐SO‐FD‐001‐
11162015” for the first soil sample field duplicate for submitted on November 16, 2015. Field blanks will
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have a “FB” identifier, trip blanks will have a “TB” identifier, and equipment blanks will have an “EB” 
identifier followed by the sample date. MS/MSDs are not identified in the station location identifier, but on 
the tag and the chain‐of‐custody form. QC samples will be sequentially numbered starting at “‐001” for 
each day, and a record of those assigned will be kept in the field logbook and sample processing log. 

 IDW Samples—Samples collected for the purpose of characterizing waste will be designated with a
station location of “IDW”, followed by either a “SO” for soil or “WW” for wastewater, followed by a
sequential three digit number noting the number of sample collected that day. The sample ID will also
include a six‐digit date, with two digits for the month, two digits for the day, and two digits for the year.

Examples 
 KC‐MW‐005‐I‐100915 is a groundwater sample from an existing well location identified during the initial

stages of the RI.

 KC‐MW‐113‐D‐102215 is a groundwater sample from new well location MW‐113‐D.

 KC‐PW‐015‐S‐92315 is a tap water sample from a privately owned water supply well.

 KC‐GW‐007‐23‐25‐101315 is a groundwater grab sample collected from approximately 23 to 25 feet bgs.

 KC‐HS‐064‐11‐15‐092915 is a HAPSITE field analysis sample collected from approximately 11 to 15 feet bgs.

 KC‐SG‐003‐16‐18‐111515 is a soil gas sample collected from approximately 16 to 18 feet bgs.

 KC‐SO‐013‐05‐07‐120915 is a soil sample collected from approximately 5 to 7 feet bgs.

 KC‐GW‐FD‐003‐120115 is the third groundwater grab field duplicate collected on December 1, 2015.

 KC‐MW‐TB‐005‐101815 is the fifth trip blank collected during groundwater sampling activities on
October 1, 2015.

Chain‐of‐Custody Procedures 
Chains of custody will include, at a minimum, laboratory contact information, client contact information, 
sample information, and relinquished by/received by information in accordance with the SOP. Sample 
information will include sample identification, date and time collected, number and type of containers, 
preservative information, analysis method, and comments. The chain of custody will also have the sampler’s 
name and signature. The chain of custody will link location of the sample from the field logbook and sample 
processing log through sample disposal by the laboratory. See Appendix A, SOP #11, Attachment 2, for an 
example of a chain‐of‐custody form. The laboratory will use the sample information to populate the laboratory 
database for each sample. 
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Worksheet #28‐1—Analytical Quality Control 
and Corrective Action 
Matrix:  Aqueous 

Analytical Group:  TCL VOCs 

Analytical Method/SOP Reference:  Laboratory SOP #1 

QC Sample  Frequency/Number 
Method/SOP QC 
Acceptance Limits  Corrective Action 

Person(s) 
Responsible 

for 
Corrective 
Action 

Data Quality 
Indicator 
(DQI) 

Performance 
Check 

Prior to IC, CC, and 
every 12 hours 

Must meet method 
criteria 

Retune instrument and 
verify. 

Laboratory 
analyst 

Sensitivity 

Method Blank  1/Extraction Batch  All analytes < RL  Correct problem, then 
re‐prepare and analyze MB 
and all samples processed 
with the contaminated blank. 

Laboratory 
analyst 

Accuracy/Bias

Matrix 
Spike/Matrix 
Spike Duplicate 

1/20 Samples  Percent Recovery and 
RPD calculated according 
to the method 

If the MS and/or MSD are 
outside of either accuracy or 
precision tolerances, flag 
MS/MSD results. 

Laboratory 
analyst 

Accuracy/Bias 
Precision 

LCS   1/Extraction Batch  Percent Recovery 
calculated according to 
the method 

Correct problem, then 
re‐prepare and analyze the 
LCS and all samples in the 
affected analytical batch. 

Laboratory 
analyst 

Sensitivity 

Internal 
Standard 

Every sample, spiked 
sample, standard, 
and MB 

Area within ‐50% to 
+100% of IC midpoint std. 

Inspect mass spectrometer 
and GC for malfunctions; 
mandatory reanalysis of 
samples analyzed while 
system was malfunctioning. 

Laboratory 
analyst 

Precision 

Surrogate Spike 
(organics) 

Every sample, spiked 
sample, standard,  
and MB 

Recovery within limits 
stated in method 

Re‐extract and reanalyze 
sample. 

Laboratory 
analyst 

Accuracy/Bias

IC = initial calibration, CC = continuing calibration, MB = method blank, MS/MSD = matrix spike/matrix spike duplicate,  
LCS = laboratory control sample, RPD = relative percent difference, GC = gas chromatography 
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Worksheet #28‐2—Analytical Quality Control 
and Corrective Action 
Matrix:  Soil 

Analytical Group:  TCL VOCs 

Analytical Method/SOP Reference:  Laboratory SOP #1 

QC Sample  Frequency/Number 
Method/SOP QC 
Acceptance Limits  Corrective Action 

Person(s) 
Responsible 

for 
Corrective 
Action 

Data Quality 
Indicator 
(DQI) 

Performance 
Check 

Prior to IC, CC, and 
every 12 hours 

Must meet method 
criteria 

Retune instrument and 
verify. 

Laboratory 
analyst 

Sensitivity 

Method Blank  1/Extraction Batch  All analytes < Reporting 
Limit 

Correct problem, then 
re‐prepare and analyze MB 
and all samples processed 
with the contaminated blank. 

Laboratory 
analyst 

Accuracy/Bias

Matrix 
Spike/Matrix 
Spike Duplicate 

1/20 Samples  Percent Recovery and 
RPD calculated according 
to the method  

If the MS and/or MSD are 
outside of either accuracy or 
precision tolerances, flag 
MS/MSD results. 

Laboratory 
analyst 

Accuracy/Bias 
Precision 

LCS   1/Extraction Batch  Percent Recovery 
calculated according to 
the method 

Correct problem, then 
re‐prepare and analyze the 
LCS and all samples in the 
affected analytical batch. 

Laboratory 
analyst 

Sensitivity 

Internal 
Standard 

Every sample, spiked 
sample, standard, 
and MB 

Area within ‐50% to 
+100% of IC midpoint std. 

Inspect mass spectrometer 
and GC for malfunctions; 
mandatory reanalysis of 
samples analyzed while 
system was malfunctioning. 

Laboratory 
analyst 

Precision 

Surrogate Spike 
(organics) 

Every sample, spiked 
sample, standard,  
and MB 

Recovery within limits 
stated in method 

Re‐extract and reanalyze 
sample. 

Laboratory 
analyst 

Accuracy/Bias

IC = initial calibration, CC = continuing calibration, MB = method blank, MS/MSD = matrix spike/matrix spike duplicate,  
LCS = laboratory control sample, RPD = relative percent difference, GC = gas chromatography 
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Worksheet #28‐3—Analytical Quality Control 
and Corrective Action 
Matrix:  Soil Gas 

Analytical Group:  VOCs 

Analytical Method/SOP Reference:  Laboratory SOP #2

QC Sample  Frequency/Number 
Method/SOP QC 
Acceptance Limits  Corrective Action 

Person(s) 
Responsible 

for 
Corrective 
Action 

Data Quality 
Indicator 
(DQI) 

Performance 
Check 

Prior to IC, CC, and 
every 24 hours 

Must meet method 
criteria 

Retune instrument and 
verify. 

Laboratory 
analyst 

Sensitivity 

Method Blank  1/Extraction Batch 
or 1 per 24‐hr tune 

No target compound ≥ ½ 
Reporting Limit 

Correct problem, then 
re‐prepare and analyze MB 
and all samples processed 
with the contaminated blank. 

Laboratory 
analyst 

Accuracy/Bias

Laboratory 
Duplicate 

1/20 Samples  Concentration of 
reported analytes are > 5 
times the RL in either 
sample and RPD > 25%. 
One sample result < RL 
and a difference of 
±times the RL. 

If sufficient sample is 
available, reanalyze samples. 
Qualify data as needed. 

Laboratory 
analyst 

Precision 

LCS   1/Extraction Batch 
or 1 per 24‐hr tune 

70‐130% Recovery  Correct problem, then 
re‐prepare and analyze the 
LCS and all samples in the 
affected analytical batch. 

Laboratory 
analyst 

Sensitivity 

Internal 
Standard 

Every sample, spiked 
sample, standard, 
and MB 

Area within ‐50% to 
+100% of IC midpoint std. 

Inspect mass spectrometer 
and GC for malfunctions; 
mandatory reanalysis of 
samples analyzed while 
system was malfunctioning. 

Laboratory 
analyst 

Precision 

Surrogate Spike  Every sample, spiked 
sample, standard,  
and MB 

Recovery within limits 
stated in method 

Correct the problem and 
reanalyze sample. 

Laboratory 
analyst 

Accuracy/Bias

IC = initial calibration, CC = continuing calibration, MB = method blank, MS/MSD = matrix spike/matrix spike duplicate,  
LCS = laboratory control sample, RPD = relative percent difference, GC = gas chromatography, RL = reporting limit 
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Worksheet #28‐4—Analytical Quality 
Control and Corrective Action 
Matrix:  Aqueous 

Analytical Group:  SVOCs (1,4‐Dioxane)

Analytical Method/SOP Reference:  Laboratory SOP #5  

QC Sample  Frequency/Number 
Method/SOP QC 
Acceptance Limits  Corrective Action 

Person(s) 
Responsible 

for 
Corrective 
Action 

Data Quality 
Indicator 
(DQI) 

Performance 
Check 

Prior to IC, CC, and 
every 12 hours 

Must meet method 
criteria 

Retune instrument and 
verify. 

Laboratory 
analyst 

Sensitivity 

Method Blank  1/Extraction Batch  All analytes < RL  Correct problem, then 
re‐prepare and analyze MB 
and all samples processed 
with the contaminated blank. 

Laboratory 
analyst 

Accuracy/Bias

Matrix 
Spike/Matrix 
Spike Duplicate 

1/20 Samples  Percent Recovery and 
RPD calculated according 
to the method 

If the MS and/or MSD are 
outside of either accuracy or 
precision tolerances, flag 
MS/MSD results. 

Laboratory 
analyst 

Accuracy/Bias 
Precision 

LCS   1/Extraction Batch  Percent Recovery 
calculated according to 
the method 

Correct problem, then 
re‐prepare and analyze the 
LCS and all samples in the 
affected analytical batch. 

Laboratory 
analyst 

Sensitivity 

Internal 
Standard 

Every sample, spiked 
sample, standard, 
and MB 

Area within ‐50% to 
+100% of IC midpoint std. 

Inspect mass spectrometer 
and GC for malfunctions; 
mandatory reanalysis of 
samples analyzed while 
system was malfunctioning. 

Laboratory 
analyst 

Precision 

Surrogate Spike 
(organics) 

Every sample, spiked 
sample, standard,  
and MB 

Recovery within limits 
stated in method 

Re‐extract and reanalyze 
sample. 

Laboratory 
analyst 

Accuracy/Bias

IC = initial calibration, CC = continuing calibration, MB = method blank, MS/MSD = matrix spike/matrix spike duplicate,  
LCS = laboratory control sample, RPD = relative percent difference, GC = gas chromatography, SVOC = semivolatile organic 
compound 
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Worksheet #28‐5—Analytical Quality 
Control and Corrective Action 
Matrix:  Aqueous 

Analytical Group:  Total Iron 

Analytical Method/SOP Reference:  Laboratory SOP #3

QC Sample  Frequency/Number 
Method/SOP QC 
Acceptance Limits  Corrective Action 

Person(s) 
Responsible 
for Corrective 

Action 

Data Quality 
Indicator 
(DQI) 

Preparation 
Blank 

1/Analytical Batch  All analytes < RL  Reanalyze preparation blank. 
If fails, analyze a calibration 
blank. Re‐prepare/reanalyze 
analytical batch as appropriate. 

Laboratory 
analyst 

Accuracy/Bias 

Matrix 
Spike/Matrix 
Spike Duplicate 

1/20 Samples  35‐125% Recovery and 
< 30% 

If the MS and/or MSD are 
outside of either accuracy or 
precision tolerances, flag 
MS/MSD results. 

Laboratory 
analyst 

Accuracy/Bias 
Precision  

Laboratory 
Duplicate 

1/Analytical Batch  Concentration of 
reported analytes are 
> 5 times the reporting 
limit and RPD > 20% 

None.  Laboratory 
analyst 

Accuracy/Bias 

LCS   1/Analytical Batch  % Recovery within ± 15% 
of true value  

Correct problem, then 
re‐prepare and analyze the 
LCS and all samples in the 
affected analytical batch. 

Laboratory 
analyst 

Sensitivity 

ICP = inductively coupled plasma, MS/MSD = matrix spike/matrix spike duplicate, LCS = laboratory control sample,  
PDS = post digestion spike, RPD = relative percent difference 
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Worksheet #28‐6—Analytical Quality 
Control and Corrective Action 
Matrix:  Aqueous 

Analytical Group:  General Chemistrya 

Analytical Method/SOP Reference:  Laboratory SOPs #4, #5, #6 and #7 

QC Sample  Frequency/Number 
Method/SOP QC 
Acceptance Limits  Corrective Action 

Person(s) 
Responsible 

for 
Corrective 
Action 

Data Quality 
Indicator (DQI) 

Method Blank  1/Preparation and 
Analytical Batch 

< Reporting Limit  Correct problem, then 
re‐prepare and analyze 
method blank and all 
samples processed with the 
contaminated blank. 

Laboratory 
analyst 

Accuracy/Bias 

Matrix 
Spike/Matrix 
Spike Duplicate  

1/20 Samples  35‐125% Recovery and 
RPD < 30% 

If the MS and/or MSD are 
outside of either accuracy 
or precision tolerances, flag 
MS/MSD results. 

Laboratory 
analyst 

Accuracy/Bias 
Precision  

Laboratory 
Duplicate 

1/Analytical Batch  Concentration of 
reported analytes are 
> 5 times the reporting 
limit and RPD > 20%. 
One sample result < RL 
and a difference of ±2 
times the RL. 

None.  Laboratory 
analyst 

Accuracy/Bias 

LCS  1/Analytical Batch  35‐125% Recovery  Correct problem then 
re‐prepare and analyze the 
LCS and all samples in the 
affected analytical batch. 

Laboratory 
analyst 

Sensitivity 

a General chemistry for groundwater includes the following parameters: alkalinity, chloride, nitrate, nitrite, sulfate, sulfide, and total 
organic carbon.  
LCS = laboratory control sample, RPD = relative percent difference, RL = reporting limit,  
MS/MSD = matrix spike/matrix spike duplicate  
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Worksheet #29—Project Documents and Records 
Sample Collection 

Documents and Records 
Onsite Analysis Documents and 

Records  Offsite Analysis Documents and Records 
Data Assessment 

Documents and Records  Other 

Field Notes 

Boring Logs 

Scribe Database 

Chain‐of‐Custody Records 

Air Bills 

Custody Seals 

Telephone Logs 

Corrective Action Forms 

Sample Receipt, Custody, and 
Tracking Records 

Equipment Calibration Logs 

Equipment Maintenance, Testing, 
and Inspection Logs 

Corrective Action Forms 

Reported Field Sample Results 

Telephone Logs 

Analysis Logs 

Sample Receipt, Custody, and Tracking Records 

Narrative 

Standard Traceability Logs 

Equipment Calibration Logs 

Sample Preparation Logs 

Run Logs 

Equipment Maintenance, Testing, and Inspection Logs 

Corrective Action Forms 

Reported Field Sample Results 

Reported Results for Standards, QC Checks, and QC Samples 

Instrument Printout (raw data) for Field Samples, Standards, 
QC Checks, and QC Samples 

Data Package Completeness Checklists 

Extraction/Cleanup Records 

Raw Data (stored electronically) 

QA Review Records 

Data Verification/Validation 
Reports 

Corrective Action Forms 

Project database for 
analytical and field 
data 

Health and saftey 
briefing information 

Staff health and 
safety records 

Electronic analytical data will be similar in format to that of the CLP laboratory. The laboratory data package will be organized such that the analytical 
results are reported on a per‐analytical‐batch basis, unless otherwise specified. In addition to the summary data deliverable, a full‐supporting raw data 
deliverable package is required from the laboratory. All data will be provided electronically as a PDF file. CH2M will provide data copies to EPA. 

An EDD is also required for all data. The laboratory will provide CH2M with an EDD in the current EQuIS format. The data will undergo QA reviews prior 
to being loaded to the project database. Delivery time for data from the laboratory will vary based on project‐specific data use. 

Sample Tracking Program 
The EPA Scribe program will be used for field documentation and generation of chains of custody. Refer to EPA Office of Solid Waste and Emergency 
Response 9240.0‐44, EPA 540‐R‐07‐06 Contract Laboratory Program Guidance for Field Samplers, dated July 2007.  
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Project‐specific Deliverables 
Analytical data will be exported into a format consistent with the EDD format specified by EPA Region 5. Data will be submitted to EPA Region 5 in 
accordance with the requirements located here: http://www.epa.gov/region5superfund/edman/. Documentation and reports specified in this QAPP will 
be retained in Adobe PDF format.
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Worksheets #31, #32, and #33—Assessments 
and Correction Action 
Assessments: 

Assessment 
Type  Frequency 

Assessment 
Deliverable 

Person(s) Responsible 
for Performing 

Assessment (Title and 
Organizational 
Affiliation) 

Report Recipient(s) 
(Title and 

Organizational 
Affiliation) 

Projected Delivery 
Date(s) 

Field progress 
report 

Daily  Summarizing 
e‐mail 

TBD, field team leader, 
CH2M 

Dave Reamer, Task 
Manager, CH2M 

Brett Fishwild, 
site manager, CH2M 

Daily during field 
activities 

Data review 
and 
verification 

For all analytical 
delivery 
packages 

E‐mail of 
deficiencies 

Heather Hodach, project 
chemist, CH2M  

Laboratory 
QA manager 

After arrival of data 
from the laboratory and 
during data verification 
activities 

Data 
validation 

Three total – 
One each after 
data are 
validated from 
each phase 
(phases 1, 2, 
and 3) 

Data validation 
reports 

Heather Hodach, project 
chemist, CH2M 

Leslie Blake, work 
assignment manager, 
EPA 

21 days after receipt of 
all analytical data from 
laboratory 

Data 
evaluation 

Three total ‐ 
One each after 
data collected 
and validated 
from phases 1, 
2, and 3  

Interim Technical 
Memoranda 

Brett Fishwild, 
site manager, CH2M 

Leslie Blake, work 
assignment manager, 
EPA 

45 days after receipt of 
validated data 

Data 
evaluation 

One, after 
completion of 
field 
investigations 

RI Report  Brett Fishwild, 
site manager, CH2M 

Leslie Blake, work 
assignment manager, 
EPA 

45 days after receipt of 
validated data 
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Assessments and Corrective Action: 

Assessment 
Type 

Corrective 
Action 

Documentation 

Person(s) Responsible for Identifying 
and Implementing Corrective 

Actions (Title and Organizational 
Affiliation) 

Person(s) Responsible for Monitoring 
Effectiveness of Corrective Action 
(Title and Organizational Affiliation) 

Timeframe for 
Corrective 
Action 

Daily field 
documentation 
reviews 

Documented in 
emails saved to 
the project 
folder and in 
field notes as 
applicable  

Field team leader, CH2M and final 
review of forms by RI lead Dave 
Reamer.  

Dave Reamer, RI Lead, CH2M 

Brett Fishwild, site manager, CH2M 

TBD, field team leader, CH2M 

As soon as 
notification of 
corrective 
action is 
received 

Data review 
and 
verification 

Corrective 
action reports 
and/or updated 
case narratives 
and corrected 
data 
submissions 

Heather Hodach, project chemist, 
CH2M  

Chad Stoike, Laboratory QA manager, 
ALS Gloval  

Heather Hodach, project chemist, 
CH2M  

3 to 5 business 
days 
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Worksheet #34—Data Verification and Validation Inputs 
To ensure that scientifically sound data of known and documented quality are used in making environmental decisions, the following three‐step data 
review will be performed. Step I (verification) will confirm that all specified activities involved in collecting and analyzing samples have been completed 
and documented and that the necessary records (objective evidence) are available to proceed to data validation. Step II (validation) will assess whether 
the sampling and analytical processes comply with the contract‐specific and the QAPP‐specific requirements. Step III (usability assessment) will 
determine whether the resulting data are suitable as a basis for the decision being made. Worksheets #34 to #37 describe the processes to be followed. 
Worksheet #34 establishes the procedures that will be followed to verify project data, including, but not limited to, sampling documents and analytical 
data package. The items subject to verification and validation are listed in the following table.  

Item  Description  Verification (completeness)  Validation (conformance to specifications) 

Planning Documents/Records 

1  Approved QAPP  X
2  Field SOPs  X
3  Laboratory SOPs  X

Field Records 

4  Field logbooks  X  X 
5  Sample processing logs  X  X 
6  Boring logs  X  X 
7  Chain‐of‐Custody and Shipping Forms  X  X 
8  Field corrective action reports  X  X 

Analytical Data Package 

9  Cover sheet (laboratory identifying information)  X  X 
10  Case narrative  X  X 
11  Internal laboratory chain‐of‐custody  X  X 
12  Sample receipt records  X  X 
13  Sample chronology (that is, dates and times of receipt, 

preparation, and analysis) 
X  X 

14  RL/MDL establishment and verification  X  X 
15  Standards traceability  X  X 
16  Instrument calibration records  X  X 
17  Definition of laboratory qualifiers  X  X 
18  Results reporting forms  X  X 
19  QC sample results  X  X 
20  Corrective action reports  X  X 
21  Electronic data deliverable  X  X 
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Worksheet #35—Data Verification Procedures 

Verification Input  Description 
Internal/ 
External  Responsible for Verification (Name, Organization) 

Field Notes  Verify that records are present and complete for each day of field activities. 
Verify boring logs. Verify that all planned samples including field QC samples 
were collected and that sample collection locations are documented. Verify that 
meteorological data were provided for each day of field activities. Verify that 
changes/exceptions are documented and were reported in accordance with 
requirements.  

Internal  TBD, field quality manager, CH2M  

Brett Fishwild, site manager, CH2M 

Chain‐of‐Custody and 
Shipping Forms 

Verify the completeness of chain‐of‐custody records. Examine entries for 
consistency with the field logbook and sample processing log. Check that 
appropriate methods and sample preservation have been recorded. Verify that 
the required volume of sample has been collected and that sufficient sample 
volume is available for QC samples (for example, MS/MSD). Verify that all 
required signatures and dates are present. Check for transcription errors.  

Internal/ 
External 

TBD, field quality manager, CH2M  

Heather Hodach, project chemist, CH2M 

(TBD) Laboratory QA Manager 

Laboratory Data  Verify that the laboratory deliverable contains all records specified in the QAPP. 
Check sample receipt records to ensure sample condition upon receipt was 
noted, and any missing/broken sample containers were noted and reported 
according to plan. Compare the data package with the chains of custody to 
verify that results were provided for all collected samples. Review the narrative 
to ensure all QC exceptions are described. Check for evidence that any required 
notifications were provided to project personnel as specified in the QAPP. Verify 
that necessary signatures and dates are present. 

Internal  Heather Hodach, project chemist, CH2M 

HAPSITE  Data  Verify that the HAPSITE deliverable contains all records specified in the SOP.  Internal  Heather Hodach, project chemist, CH2M 
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Worksheet #36—Data Validation Procedures 

Matrix  Analytical Group  Required Deliverable
Validation 
Percentage  Validation Criteria 

Data Validator (title 
and organizational 

affiliation) 

Aqueous, Soil 
and Soil Gas 
(fixed 
laboratory) 

VOCs  Level IV Data Report 
and EQuIS‐
compatible EDD 

100% Level III   EPA National Functional 
Guidelines, laboratory 
SOPs, and QAPP criteria 

Heather Hodach 
project chemist, 
CH2M 

Aqueous  SVOC (1,4‐Dioxane)  Level IV Data Report 
and EQuIS‐
compatible EDD 

100% Level III  EPA National Functional 
Guidelines, laboratory 
SOPs, and QAPP criteria 

Heather Hodach 
project chemist, 
CH2M 

Aqueous  Total Iron and 
General Chemistry 
parameters 

Level IV Data Report 
and EQuIS‐
compatible EDD 

100% Level II  EPA National Functional 
Guidelines, laboratory 
SOPs, and QAPP criteria 

Heather Hodach 
project chemist, 
CH2M 

Data Verification/Validation Scope Overview 
The CH2M project chemist will perform level III data validation on 100 percent of the VOC analytical data 
(groundwater, soil, and soil gas), SVOC analytical data (groundwater) and level II data validation on 
100 percent of the total iron (groundwater), and general chemistry results (groundwater and soil) in 
accordance with EPA’s National Functional Guidelines, the site‐specific QAPP, and laboratory SOPs. 

Field Data Review 
Field‐generated information may include field logbooks, boring logs, sample chain‐of‐custody forms, 
shipping documents, sampling observations, sample labels, and other miscellaneous field observations. 
All field measurements and or field log information will be entered into field logbooks and reviewed daily by 
the field quality manager or designee. The designee may be a qualified field geologist, engineer, 
environmental scientist, and/or technician. 

Laboratory Data Review Requirements 
All analytical data generated by the laboratory will be verified before submittal to the CH2M project 
chemist. The internal data review process, which is multi‐tiered, will include all aspects of data generation, 
reduction, and QC assessment. In each laboratory analytical section, the analyst performing the tests shall 
review 100 percent of the definitive data. After the analyst’s review has been completed, 100 percent of the 
data will be reviewed independently by a senior analyst or by the supervisor of the respective analytical 
section using the same criteria.  

Elements for review or verification at each level must include, but not be restricted to, the following:  

 Sample receipt procedures and conditions

 Sample preparation

 Appropriate SOPs and analytical methodologies

 Accuracy and completeness of analytical results

 Correct interpretation of all raw data, including all manual integrations

 Appropriate application of QC samples and compliance with established control limits
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 Documentation completeness (for example, all anomalies in the preparation and analysis have been
identified, appropriate corrective actions have been taken and documented in the case narrative[s],
associated data have been appropriately qualified, and anomaly forms are complete)

 Accuracy and completeness of data deliverables (electronic)

Laboratory Data Evaluation 
The calibration, QC, corrective actions, and flagging requirements for definitive data are shown in 
Worksheets #12, #15, #24, and #28. The laboratory may apply data qualifiers based on their review or add 
a note in the laboratory case narrative. The definitions of any data qualifiers applied by the laboratory must 
be defined in the case narrative. The data qualifiers are reviewed by the supervisor of the respective 
analytical sections after the first and second level reviews of the laboratory data have been performed. 

Data Review Guidelines 
The laboratory assessment of the data quality will be reviewed for completeness and accuracy. Data review 
will be performed by a combination of electronic and manual methods and will include, but is not limited to, 
the following: 

 Sampling documentation (such as the chain‐of‐custody form)

 Preservation summary and technical holding times

 Presence of all analyses and analytes requested

 Use of the required sample preparation and analysis procedures

 The method detection and reporting limits will be evaluated against the project requirements

 The correctness of the concentration units

 Case narrative

Data Verification/Validation Guidelines 
The data verification process builds on data review. Project data will be reviewed and verified as part of the 
data assessment for this project. The review will be performed on an analytical batch basis by assessing QC 
samples and associated field sample results. Data verification guidelines have been developed in accordance 
with the method requirements, professional judgment, and general EPA National Functional Guidelines.  

Summary data review and verification will be performed as follows: 

 Chain‐of‐custody documentation

 Holding time

 QC sample frequencies

 Method and field blanks

 Laboratory control samples

 Surrogate spikes

 MS/MSD

 Initial and continuing calibration information

 Field duplicate precision

 Case narrative review and other method‐specific criteria

The verification/validation process will be performed by a combination of electronic and manual methods 
and includes data flagging for issues related to method blanks, laboratory control samples, MS/MSD 
samples, field duplicates, surrogate recoveries, holding time, and reconciliation of dilutions and 
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re‐extractions. Data flags, as well as the reason for each flag, are entered into an electronic database and 
made available to the data users. The Data Qualification Manager User Manual for EQuIS 6 is provided in 
Appendix C. A final flag is applied to the data by the CH2M project chemist after evaluating all flags entered 
into the database and selecting the most conservative of the verification flags. 

If, during the data review and verification process, a systematic problem or other major issue with the data 
is identified, the CH2M project chemist will contact the laboratory’s project manager or QA manager. 
Additional evaluation of the data may be performed including an in‐depth review of the raw data to verify 
accuracy followed by analysis and interpretation of the data in the context of the project objectives and 
end‐use as part of the usability assessment. 

A data validation report will be prepared summarizing the findings and discussing their impact on the overall 
data usability. It will be incorporated into the final data evaluation summary report. 

Flagging Conventions 
CH2M‐specific final data qualifier definitions are summarized in Table 36‐1. 

Table 36‐1. Verification/Validation Data Qualifiers 

Qualifier  Description 

R  The data are unusable. The sample results are rejected due to serious deficiencies in meeting QC criteria. 
The analyte may or may not be present in the sample. 

J  The result is an estimated quantity. The associated numerical value is the approximate concentration of the 
analyte in the sample. 

UJ  The analyte was not detected above the reported sample quantitation limit. However, the reported 
quantitation limit is approximate and may or may not represent the action limit of quantitation necessary to 
accurately and precisely measure the analyte in the sample. 

U  The analyte was analyzed for, but was not detected above the reported sample quantitation limit. 

Table 36‐2 presents the general data validation guidelines with consideration to the EPA National Functional 
Guidelines to be used by CH2M for applying the data qualifiers. 

Table 36‐2. Data Qualifying Conventions—General

QC Requirement  Criteria  Flag  Flag Applied To 

Holding Time  Time exceeded for extraction 
or analysis by a factor of 2 or 
more 

J for positive results; R or UJ for 
nondetects* 

All analytes in the sample 

Sample Preservation  Sample not preserved (if 
sample preservation was not 
done in the field but was 
performed at the laboratory 
upon sample receipt, no 
flagging is required) 

J for positive results; R or UJ for 
nondetects* 

Sample 

Temperature out of control  J for positive results; UJ for 
nondetects*; R based on 
professional judgment 

Sample 

Sample Integrity 
(SW8260) 

Bubbles in VOA vial greater 
than 4 millimeters (pea size) 
used for analysis 

J for the positive results; UJ for 
nondetects; R based on 
professional judgment 

Sample 
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Table 36‐2. Data Qualifying Conventions—General

QC Requirement  Criteria  Flag  Flag Applied To 

Instrument Tuning  Mass assignment error or Ion 
abundance method‐specific 
criteria not met 

R for all results, if critical ions 
involved, use judgment 
otherwise 

All associated samples in analytical 
batch 

Initial Calibration  All analytes must be within 
method specified criteria  

J for positive results; UJ for 
nondetects; R based on 
professional judgment 

All associated samples in analytical 
batch 

Second Source Check 
or Continuing 
Calibration  

All analytes must be within 
method specified criteria  

High Bias: J for positive results, 
no flag for nondetects 

Low Bias: J for positive results, 
UJ for nondetects 

J positive/R all nondetects 
greater than twice the control 
criteria 

All associated samples in analytical 
batch 

Low‐level Calibration 
Check or Interference 
Check Sample 
(SW6010 Only) 

All analytes must be within 
20% of expected value 

High Bias: J positive results, no 
flag for nondetects 

Low Bias: J positive results, UJ 
nondetects 

J positive/R all nondetects 
greater than twice the control 
criteria 

All associated samples in analytical 
batch 

Internal Standards  Area greater than UCL 

Area less than LCL 

Sample is re‐extracted and 
reanalyzed and recovery 
outside of criteria is confirmed 
as a matrix effect 

J for positive results 

J for the positive results; UJ for 
the nondetects 

If area is too low based on 
professional judgment, UJ or R 
nondetects 

Sample 

Surrogates  %R greater than UCL 

%R less than LCL and greater 
than 10% 

%R less than 10%  

Excessive dilution 

J for positive results 

J for positive results; UJ for 
nondetects 

J for positive results; R for 
nondetects 

No flag required 

Sample 

LCS  %R greater than UCL 

%R less than LCL and greater 
than 10%  

%R less than LCL and less than 
10% 

J for the positive results;  

J for the positive results; UJ for 
the nondetects 

J for the positive results; R for 
the nondetects 

The specific analyte(s) in all samples 
in the associated analytical batch 

Blanks (Method, Field, 
Equipment, Trip or 
Calibration) 

Analyte(s) detected (use the 
blank of the highest 
concentration) 

UB for positive sample results 

 5x highest blank concentration 
(10x for common laboratory 
contaminants) 

All samples in preparation, field or 
analytical batch, whichever one 
applies 

Field duplicates or 
Laboratory Duplicates 

RPD > 30% RPD > 20%  J for positive results, no flag for 
nondetects 

The specific analyte(s) in the 
associated sample 

Note: No flagging is required for 
results less than the reporting limit 
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Table 36‐2. Data Qualifying Conventions—General

QC Requirement  Criteria  Flag  Flag Applied To 

Confirmation (Split 
samples) 

RPD > 50%  J for positive results, no flag for 
nondetects 

The specific analyte(s) in the 
associated sample 

Note: No flagging is required for 
results less than the reporting limit 

MS/MSD and Post‐
digestion Spikes 

%R greater than UCL 

%R less than LCL and >10%  

%R less than 10%  

or 

MS/MSD RPD > 30% 

Sample concentration > 
4 times the spike 
concentration 

Excessive dilution* 

J for positive results 

J for positive results; UJ for 
nondetects 

J for positive results; R for 
nondetects 

J for positive results  

No flag required 

No flag required 

The specific analyte(s) in the parent 
sample 

Serial Dilution 
(SW6010 Only) 

All analytes must be within 
10% of expected value 

Sample concentration < 50× 
MDL 

J positive results, UJ nondetects 

No flag required 

The specific analyte(s) in the parent 
sample 

Retention Time 
Window  

Analyte within established 
window 

R for all results  Sample 

Canister Pressure (not 
applicable to Grab 
Samples) 

Initial vacuum should 
be 28 inches Hg 
(30 inches fully 
evacuated)  

Final vacuum should 
be between 2 and 
10 inches Hg (5 inches 
ideal) 

If Initial pressure 24 to 
26 inches Hg  

If < 24 inches of Hg—Reject all 
data if used 

J for positive results; UJ for 
nondetects 

R for all results 

Sample 

Sample 

If final pressure >10 
<20 inches Hg—sampling time 
may be extended if DQOs 
allow or the laboratory will 
dilute the sample  

If Final pressure > 20 inches 
Hg: Slight change (20 to 
27 inches) 

No Flag required 

J for positive results; UJ for 
nondetects 

Sample 

Sample 

No change in pressure  Apply R to all data  Sample 

Canister/Flow 
controller Certification 
(Individual) 

Analyte(s) detected greater 
than RL  

UB for positive sample results 

 5x blank concentration (10× for 
common laboratory 
contaminants) 

Sample 

* Based on analyte‐specific review 

%R = percent recovery, LCL = lower confidence limit, LCS = laboratory control sample, MS = matrix spike, MSD = matrix spike 
duplicate, UCL = upper confidence limit 
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Worksheet #37—Data Usability Assessment 
The data usability assessment is an evaluation based on the results of data verification and validation in the 
context of the overall project decisions or objectives. The assessment determines whether project execution 
and resulting data meet the project DQOs. Both the sampling and analytical activities must be considered, 
with the ultimate goal of assessing whether the final, qualified results support the decisions to be made with 
the data.  

The following subsections summarize the processes to determine whether the collected data are of the right 
type, quality, and quantity to support the environmental decision making for the project, and describes how 
data quality issues will be addressed and how limitations of the use of the data will be handled. 

Summary of Usability Assessment Processes 
It is the responsibility of the CH2M project chemist and the laboratory to ensure that the data meet the 
detection limits and laboratory QC limits listed in this QAPP. During the data verification assessment, 
nonconformances are documented and data are qualified for use in decision making. The data are 
determined to be usable by the project chemist based on the requirements of this QAPP. Data gaps will be 
present if a sample is not collected, a sample is not analyzed for the requested parameters, or the data are 
determined to be unusable. The need for further investigation will be determined on a case‐by‐case basis. 
All data are usable as qualified by the data validator, with the exception of rejected data. Estimated and/or 
biased results are usable. Outliers, if present, can be addressed on a case‐by‐case basis. There is no generic 
formula for determining whether a result is an outlier. Potential outliers will be referred to a statistician and 
senior consultant, who will determine which formulas are appropriate for classifying data points in a 
statistically appropriate and defendable manner. 

Evaluation Procedures to Assess Project‐specific Overall 
Measurement Error 
In‐depth assessment occurs during the data verification process. The verification will assess conformance 
with the requirements of the methods, SOPs, and objectives of this QAPP. The findings of the data 
verification process will generate qualifiers applied to the data considered in context to assess overall 
usability of the data. 

Personnel Responsible for Performing Usability Assessment 
 Heather Hodach, project chemist, CH2M

 Rick Dobbins, database manager, CH2M

 David Boehnker, subject matter expert/CERCLA, CH2M

 Barrie Selcoe, subject matter expert/human health risk assessor, CH2M

 Ron Utter, subject matter expert/environmental/IDW manager, CH2M

 Brett Fishwild, site manager, CH2M

 Hope Mauer, field team leader, CH2M

Usability Assessment Documentation 
The data verification report will identify precision and accuracy exceedances with respect to the fixed 
laboratory performance for each batch of samples, as well as comparability of field duplicates. All the results 
will be assembled and statistically reported for an overall quality assessment provided in the final data 
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evaluation summary report. Discussion will cover precision, accuracy/bias, representativeness, comparability, 
and completeness defined in the following subsections. 

Precision 
Laboratory precision is measured by the variability associated with duplicate (two) or replicate (more than 
two) analyses.  

Total precision is the measurement of the variability associated with the entire sampling and analytical 
process. It is determined by analysis of duplicate field and/or laboratory samples and measures variability 
introduced by both the laboratory and field operations. Field duplicate and MS/MSD samples will be 
analyzed to assess field and laboratory precision. For duplicate sample results, the precision is evaluated 
using the RPD. For replicate results, the precision is measured using the relative standard deviation (RSD). 
The formula for the calculation of RPD is provided below. 

If calculated from duplicate measurements: 

2/)(

%100)(

21

21

CC

xCC
RPD




 (1) 

Where:  

RPD  =  relative percent difference 
C1  =  larger of the two observed values 

C2  =  smaller of the two observed values 

If calculated from three or more replicates, use RSD rather than RPD: 

%100)/( xysRSD (2) 

Where: 

RSD  =  relative standard deviation 
s  =  standard deviation 

y
=  mean of replicate analyses 

Standard deviation, s, is defined as follows: 

1

)( 2

1 


 
 n

yyi
S

n

i

(3) 

Where: 

S  =  standard deviation 

yi  =  measured value of the ith replicate 

y
=  mean of replicate analyses 

n  =  number of replicates 

Accuracy 
Accuracy reflects the total error associated with a measurement. A measurement is considered accurate 
when the reported value agrees with the true value or known concentration of the spike or standard within 
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acceptable limits. Analytical accuracy is measured by comparing the percent recovery of analytes spiked into 
an LCS and/or MS/MSD to a control limit. Surrogate compound recoveries are also used to assess accuracy 
and method performance for each sample analyzed. 

Both accuracy and precision are calculated for each analytical batch, and the associated sample results are 
interpreted by considering these specific measurements.  

The formula for calculation of accuracy is included below as percent recovery (%R).  








 


saC

US
xR %100% (4) 

Where:  

%R  =  percent recovery 
S  =  measured concentration in spiked aliquot 
U  =  measured concentration in unspiked aliquot 
Csa  =  actual concentration of spike added 

For situations where a standard reference material is used instead of or in addition to MSs: 











sm

m

C

C
xR %100% (5) 

Where: 

%R  =  percent recovery 
Cm  =  measured concentration of standard reference material 

Csm  =  actual concentration of standard reference material 

Representativeness 
Representativeness is the degree to which sample data accurately reflect the characteristics of a population 
of samples. It is achieved through a well‐designed sampling program and by using standardized sampling 
strategies and techniques and analytical procedures. Factors that can affect representativeness include 
sample collection, storage, preservation procedures, site homogeneity, sample homogeneity at a single 
point, and available information around which the sampling program is designed.  

Completeness (Statistical) 
Completeness is a measure of the amount of valid data obtained compared with the amount expected 
under correct, normal conditions. It is calculated for the aggregation of data for each analyte measured as a 
compound of concern for the project objectives. Valid data are data that are usable in the context of the 
project goals. Completeness is calculated and reported for each method, matrix, and analyte combination. 
The number of valid results divided by the number of possible individual analyte results, expressed as a 
percentage, determines the completeness of the data set. For completeness requirements, valid results are 
all results not qualified with an R‐flag after a usability assessment has been performed. The goal for 
completeness, based on specific project goals, is 90 percent.  
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Defined as follows for all measurements: 






T

V
xC %100% (6) 

Where: 

%C  =  percent completeness 
V  =  number of measurements judged valid 
T  =  total number of measurements 

Comparability 
Comparability is the confidence with which one data set can be compared to another. It is achieved by 
maintaining standard techniques and procedures for collecting and analyzing samples and reporting the 
analytical results in standard units.  
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Figure 1 - Area Location Map
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Figure 2 - Potential Sampling Locations
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  UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
 REGION 5 


 77 WEST JACKSON BOULEVARD 
 CHICAGO, IL 60604-3590 
 
           SR-6J 


MEMORANDUM 
 
         DATE:   December 10, 2015 
   


SUBJECT:  Approval of the revised Quality Assurance Project Plan (QAPP) 
for Keystone Corridor Groundwater Contamination Site Marion 
County, Indiana prepared by CH2M 


 
   FROM: Ida Levin,  


Remedial Response Section 2 
 


     TO: Leslie Blake, Remedial Project Manager 
 
I am providing an approval of the revised QAPP prepared for Keystone Corridor Groundwater 
Contamination Site Marion County, Indiana prepared by CH2M. The document was received on 
December 10, 2015 (SF Log-in No.4597).  
The additional comments were provided to CH2M on December 7, 2015 and contractor 
responded with revised QAPP Worksheet.  
 
Please provide the copy of the signature page after all parties approved the document. 
 
 
 
 





		I am providing an approval of the revised QAPP prepared for Keystone Corridor Groundwater Contamination Site Marion County, Indiana prepared by CH2M. The document was received on December 10, 2015 (SF Log-in No.4597).






 


 


CH2M Dayton 
1 South Main Street, 
Suite 1100 
Dayton, Ohio, 45402 
O +1 937 228 4285 
F  +1 937 228 7572 
www.ch2m.com 
 


Ms. Leslie Blake 
Remedial Project Manager 
Superfund Division 
U.S. EPA, Region 5    
77 W. Jackson Blvd. (SR‐6J)  
Chicago, IL 60604 


November 20, 2015 


Subject:  Response to EPA Technical Review Comments on the Draft UFP‐QAPP—Revision 0 
Keystone Corridor Groundwater Contamination Site, Marion County, Indiana   


  WA No. 192‐RICO‐B5VX, Contract No. EP‐S5‐06‐01 
 
Dear Ms. Blake, 


Attached is the electronic submission of the final Uniform Federal Policy‐Quality Assurance Project Plan 
(UFP‐QAPP)—Revision 0 for the Keystone Corridor Groundwater Contamination Site in Indianapolis, 
Indiana. The draft version of this document was submitted to EPA on September 9, 2015. Revisions to 
the Draft UFP‐QAPP were completed based on technical review comments submitted to CH2M by e‐mail 
on October 5, 2015. As requested, no hard copies are being sent.  


EPA COMMENT No. 1—The laboratory’s SOPs must be submitted for review prior to the QAPP approval.  


CH2M Response: The laboratory was not contracted at the time the Draft UFP‐QAPP was 
submitted to EPA. The laboratory has since been selected, and the laboratory SOPs have been 
added to the UFP‐QAPP.  


EPA COMMENT No. 2—Worksheets #1, #2, #3, #4, #5, #6, #7, and #8. Please replace name of Alida 
Roberman with Ida Levin. 


CH2M Response: Alida Roberman has been replaced with Ida Levin on the specified 
worksheets.  


EPA COMMENT No. 3—Worksheet #15‐6. Project Action Limit (PAL) for iron should be specified.   


CH2M Response: The PAL was updated to Not Applicable (NA) because iron will be used only 
to evaluate natural attenuation, which assesses relative changes in concentrations in relation 
to other chemicals and groundwater quality parameters. Iron will not be screened against any 
regulatory screening value for this project.  


EPA COMMENT No. 4—Worksheet #15‐7. Project Action Limits (PALs) should be specified for all 
analytes.  


CH2M Response: The PAL was updated to NA because the general chemistry parameters will 
be used to evaluate natural attenuation and will not be screened against regulatory 
screening values.  







Ms. Leslie Blake 
Page 2 
November 20, 2015 
 


 


In addition to the worksheet 15 revisions, SOP‐18 titled Analytical Method for the 
Determination of Volatile Organics in Soil Gas Using the HAPSITE Field GC/MS has been 
revised to include updated quantitative limits and analysis procedures.  


EPA COMMENT No. 5—Worksheets #19 and #30. The referenced analytical SOPs are not included in the 
submitted document. 


CH2M Response: The laboratory was not contracted at the time the Draft UFP‐QAPP was 
submitted to EPA. The laboratory has since been selected, and the laboratory SOPs have been 
added to Worksheets #19 and #30. 


EPA COMMENT No. 6—Worksheet #20. Please explain the reason why the field blanks are not planned 
to be collected during this RI.   


CH2M Response: Contamination of samples through exposure to the ambient air is not 
expected to occur at the site; therefore, field blanks were not included in the UFP‐QAPP. This 
information has been added as the last sentence to the Field Blanks section of Worksheet #20 
in the UFP‐QAPP. 


 
Please contact me with any questions or concerns at 937‐220‐2955. 
 
 
Regards, 
 


 
 
Brett Fishwild, P.G. 
Site Manager 
 
 
Enclosures 
 
c:  Daniel Olsson, CO/EPA Region 5 (w/o enclosure) 


Paul Arps, PM/CH2M (w/o enclosure) 
Tim Watkins, DPM/CH2M (w/o enclosure) 
Theresa Rojas, QAM/CH2M (w/o enclosure) 
Heather Hodach, Chemist/CH2M (w/o enclosure) 
Cherie Wilson, AA/CH2M (w/o enclosure)  








Appendix A 
Field Standard Operating Procedures 
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STANDARD OPERATING PROCEDURE 1 


Soil Logging 
Purpose 
This standard operating procedure (SOP) provides guidance to obtain accurate and consistent descriptions 
of soil characteristics during sonic drilling operations. The characterization is based on visual examination 
and manual tests, not on laboratory determinations. Observations should include, but are not limited to, soil 
description, total depth of the boring, depth of water table, visual and olfactory findings, photoionization 
detector (PID) readings of core screen and headspace, sample name/date/time, sample location and depth, 
and analytical analysis requested, as well as photographic documentation of each core. 


Scope 
Data generated from the use of this SOP may be used to support the following activities: site 
characterization, risk assessment, and evaluation of remedial alternatives. 


Equipment and Materials 
 Indelible pens


 Tape measure or ruler


 Field logbook


 Digital camera


 Spatula


 Rock‐ or soil‐color chart (e.g., Munsell)


 Grain‐size chart


 Hand lens


 Unified Soil Classification System (USCS) index charts and tables to help with soil classification (attached)


Procedures and Guidelines 
Soil boring logs will be completed on separate soil boring log sheets.  


Heading Information 
Boring/Well Number: Enter the boring/well number. A numbering system should be chosen that does not 
conflict with information recorded for previous exploratory work done at the site. Number the sheets 
consecutively for each boring.  


Location: If station, coordinates, mileposts, or similar project layout information is available, indicate the 
position of the boring to that system using modifiers such as “approximate” or “estimated” as appropriate. 


Elevation: Elevation will be determined at the conclusion of field activities through a survey.  


Drilling Subcontractor: Enter the name of the drilling company and the city and state where the company is 
based. 


Drilling Method and Equipment: Identify the bit size and type, drilling fluid (if used), and method of drilling 
(e.g., rotary, hollow‐stem auger). Information on the drilling equipment (e.g., CME 55, Mobile B61) also is 
noted.  
Water Level and Date: Enter the depth below ground surface to the apparent water level in the borehole. 
The information should be recorded as a comment. If free water is not encountered during drilling or cannot 
be detected because of the drilling method, this information should be noted. Record date and time of day 
(for tides, river stage) of each water level measurement.  
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Date of Start and Finish: Enter the dates the boring was begun and completed. Time of day should be added 
if several borings are performed on the same day. 
Logger: Enter the first and last name. 


Technical Data 
Depth Below Surface: Use a depth scale that is appropriate for the sample spacing and for the complexity of 
subsurface conditions.  


Sample Interval: Note the depth at the top and bottom of the sample interval.  


Sample Type and Number: Enter the sample type and number. SS‐1 = split spoon, first sample. Number 
samples consecutively regardless of type. Enter a sample number even if no material was recovered in the 
sampler. 


Sample Recovery: Enter the length to the nearest 0.1‐foot of soil sample recovered from the sampler. Often, 
there will be some wash or caved material above the sample; do not include the wash material in the 
measurement. Record soil recovery in feet. 


Soil Description: The soil classification should follow the format described in the “Field Classification of Soil” 
subsection. 


Comments: Include all pertinent observations (changes in drilling fluid color, rod drops, drilling chatter, rod 
bounce as in driving on a cobble, damaged Shelby tubes, and equipment malfunctions). In addition, note if 
casing was used, the sizes and depths installed, and if drilling fluid was added or changed. You should 
instruct the driller to alert you to any significant changes in drilling (changes in material, occurrence of 
boulders, and loss of drilling fluid). Such information should be attributed to the driller and recorded in this 
column. Specific information might include the following:  


 The date and the time drilling began and ended each day 


 The depth and size of casing and the method of installation 


 The date, time, and depth of water level measurements 


 Depth of rod chatter 


 Depth and percentage of drilling fluid loss 


 Depth of hole caving or heaving  


 Depth of change in material  


 Health and safety monitoring data 


 Drilling interval through a boulder 


Field Classification of Soil 
This section presents the format for the field classification of soil. In general, the approach and format for 
classifying soils should conform to the American Society for Testing and Materials (ASTM) D 2488, Visual‐
Manual Procedure for Description and Identification of Soils (attached).  


The Unified Soil Classification System is based on numerical values of certain soil properties that are 
measured by laboratory tests. It is possible, however, to estimate the values in the field with reasonable 
accuracy using visual‐manual procedures (ASTM D 2488). In addition, some elements of a complete soil 
description, such as the presence of cobbles or boulders, changes in strata, and the relative proportions of 
soil types in a bedded deposit, can be obtained only in the field.  


Soil descriptions should be precise and comprehensive, without being verbose. The correct overall 
impression of the soil should not be distorted by excessive emphasis on insignificant details. In general, 
similarities rather than differences between consecutive samples should be stressed. 
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Soil descriptions must be recorded for every soil sample collected. The format and order for soil descriptions 
should be as follows: 


1. Soil name (synonymous with ASTM D 2488 Group Name) with appropriate modifiers. Soil name should 
be in all capitals in the log, for example “POORLY‐GRADED SAND.” 


2. Group symbol, in parentheses, for example, “(SP).” 


3. Color, using Munsell color designation. 


4. Moisture content. 


5. Relative density or consistency. 


6. Soil structure, mineralogy, or other descriptors. 


This order follows, in general, the format described in ASTM D 2488.  


Soil Name 
The basic name of a soil should be the ASTM D 2488 Group Name on the basis of visual estimates of 
gradation and plasticity. The soil name should be capitalized.  


Examples of acceptable soil names are illustrated by the following descriptions: 


 A soil sample is visually estimated to contain 15 percent gravel, 55 percent sand, and 30 percent fines 
(passing No. 200 sieve). The fines are estimated as either low or highly plastic silt. This visual 
classification is SILTY SAND WITH GRAVEL, with a group symbol of (SM). 


 Another soil sample has the following visual estimate: 10 percent gravel, 30 percent sand, and 
60 percent fines (passing the No. 200 sieve). The fines are estimated as low plastic silt. This visual 
classification is SANDY SILT. The gravel portion is not included in the soil name because the gravel 
portion was estimated to be less than 15 percent. The group symbol is (ML).  


The gradation of coarse‐grained soil (more than 50 percent retained on No. 200 sieve) is included in the 
specific soil name in accordance with ASTM D 2488. There is no need to further document the gradation. 
However, the maximum size and angularity or roundness of gravel and sand‐sized particles should be 
recorded. For fine‐grained soil (50 percent or more passing the No. 200 sieve), the name is modified by the 
appropriate plasticity/elasticity term in accordance with ASTM D 2488. 


Interlayered soil should each be described starting with the predominant type. An introductory name, such 
as “Interlayered Sand and Silt,” should be used. In addition, the relative proportion of each soil type should 
be indicated (see Table 1 for example). 


Where helpful, the evaluation of plasticity/elasticity can be justified by describing results from any of the 
visual‐manual procedures for identifying fine‐grained soils, such as reaction to shaking, toughness of a soil 
thread, or dry strength, as described in ASTM D 2488. 


Group Symbol 
The appropriate group symbol from ASTM D 2488 must be given after each soil name. The group symbol 
should be placed in parentheses to indicate that the classification has been estimated. 


In accordance with ASTM D 2488, dual symbols (e.g., GP‐GM or SW‐SC) can be used to indicate that a soil is 
estimated to have about 10 percent fines. Borderline symbols (e.g., GM/SM or SW/SP) can be used to 
indicate that a soil sample has been identified as having properties that do not distinctly place the soil into a 
specific group. Generally, the group name assigned to a soil with a borderline symbol should be the group 
name for the first symbol. The use of a borderline symbol should not be used indiscriminately. Every effort 
should be made to first place the soil into a single group.  
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Color 
The color of a soil must be given. The color description should be based on the Munsell system. The color 
name and the hue, value, and chroma should be given. 


Moisture Content 
The degree of moisture present in a soil sample should be defined as dry, moist, or wet. Moisture content 
can be estimated from the criteria listed on Table 2. 


Relative Density or Consistency 
Relative density of a coarse‐grained (cohesionless) soil is based on N‐values if standard penetration testing 
using a split spoon is utilized. If the presence of large gravel, disturbance of the sample, or non‐standard 
sample collection makes determination of the in situ relative density or consistency difficult, then this item 
should be left out of the description and explained in the comments column of the soil boring log. 


Consistency of fine‐grained (cohesive) soil is properly based on results of pocket penetrometer or torvane 
results. In the absence of this information, consistency can be estimated from N‐values. Relationships for 
determining relative density or consistency of soil samples are given in Tables 3 and 4. 


Soil Structure, Mineralogy, and Other Descriptors 
Discontinuities and inclusions are important and should be described. Such features include joints or 
fissures, slickensides, bedding or laminations, veins, root holes, and wood debris.  


Significant mineralogical information, such as cementation, abundant mica, or unusual mineralogy should be 
described. 


Other descriptors may include particle size range or percentages, particle angularity or shape, maximum 
particle size, hardness of large particles, plasticity of fines, dry strength, dilatancy, toughness, and staining, 
as well as other information such as organic debris, odor, or presence of free product. 


Attachments 
Tables 1 through 4 


1—Soil Boring Log Form 


2—Copy of ASTM D2488 


Key Checks and Items 
 Check entries to the soil‐boring log and field logbook in the field; because the samples will be disposed 


of at the end of fieldwork, confirmation and corrections cannot be made later.  


 Check that sample numbers and intervals are properly specified.  


 Check that drilling and sampling equipment is decontaminated using the procedures defined in SOP 13 
Equipment Decontamination Procedures  


 


 


 


______________________________________  ____________________ 


SOP Approval Signature  Date 


   







 


Tables 1 through 4 
 



















 


Attachment 1 
Soil Boring Log Form











PROJECT NUMBER BORING NUMBER


SHEET   OF  


PROJECT :  


WEATHER: DRILLING CONTRACTOR : 


WATER LEVELS : START :   LOGGER :  


DEPTH BELOW SURFACE (FT) STANDARD CORE DESCRIPTION COMMENTS


INTERVAL (FT) PENETRATION


RECOVERY (IN) TEST   DEPTH OF CASING, DRILLING RATE,


#/TYPE RESULTS   DRILLING FLUID LOSS,


6"-6"-6"-6"   TESTS, AND INSTRUMENTATION.


(N) OVM (ppm): Breathing Zone Above Hole


_ _ _


_ _ _


_ _ _


_ _ _


__ __ __


_ _ _


_ _ _


 _ _ _


_ _ _


 __ __ __


_ _ _


_ _ _


  SOIL NAME, USCS GROUP SYMBOL, COLOR,


  MOISTURE CONTENT, RELATIVE DENSITY,


  OR CONSISTENCY, SOIL STRUCTURE,


LOCATION : 


SOIL BORING LOG


DATE: 


END : 


  MINERALOGY.


DRILLING METHOD AND EQUIPMENT USED : 


_ _ _


_ _ _


_ _ _


__ __ __


_ _ _


_ _ _


_ _ _


_ _ _


__ __ __


_ _ _


_ _ _


_ _ _


_ _ _


__ __ __


_ _ _


_ _ _


 _ _ _


_ _ _


 __


   Sampler Signature: Date:


Page 1 of 2







PROJECT NUMBER BORING NUMBER


PROJECT :


NOTES
SOP(s) used (refer to SOP Log)?


Were all requirements of the SAP, PIs and above mentioned SOP(s) met?


Explanation of exceptions to SAP, PI's and SOP(s) including why, under what conditions, who authorized exception, anything 


considered in the decision :


  SHEET     


OF  


SOIL BORING LOG


LOCATION : DATE: 


   Sampler Signature:  Date:


Page 2 of 2







  







  







  







  







  







  







  







  







  







  







 







 


Attachment 2 
Copy of ASTM D2488 
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STANDARD OPERATING PROCEDURE 2 


Soil Sample Collection (Rotary Sonic Drilling) 
Purpose 
The purpose of standard operating procedure (SOP) 2 is to provide a general guideline for the collection of 
soil grab samples from a rotary sonic drill rig. 


Scope 
The method described for soil sampling is used for soil sampling at and below the ground surface. The 
specific responsibilities of and equipment used by sonic drilling subcontractors are described in contracting 
documentation. 


Equipment and Materials 
 Rotary sonic drill rig


 Plastic liners for containing the drill core


 Photoionization detector or flame ionization detector


 Tool for opening liners


 Clean latex or surgical gloves as specified in the Health and Safety Plan


 Pre‐cleaned sample containers, stainless steel sampling equipment, coolers, and other sampling supplies


 Decontamination supplies, non‐phosphate soap, distilled water, paper towels, and plastic sheeting


 Field notebook, sample data sheets, chain‐of‐custody forms, and custody seals


 Ice


 Appropriate personal protective equipment


Procedures and Guidelines 
Soil Sampling 
 Ensure sonic drill rods and other non‐dedicated downhole equipment and sampling equipment are


decontaminated in accordance with SOP‐13, Equipment Decontamination Procedures. 


 Wear appropriate personal protective equipment, as required by the Health and Safety Plan. Change
gloves between sampling locations.


 Confirm all underground utility clearances have been obtained and maps of private utilities have been
consulted.


 The rotary sonic drill rig will advance the hollow sonic casing to the desired sampling depth.


 Once the sonic rig has retracted the soil core, shake the soil core out of the sonic casing and capture it in
the plastic liner.


 Once the soil core is removed from the sonic casing, cut open the bag to allow access for removing the
sample from the plastic bag.


 Conduct photoionization detector readings at soil intervals and record the data as specified in the
Project Instructions. At least one photoionization detector reading should be taken on each explicitly
logged soil interval. Log the soil sample according to visual methods outlined in American Society for
Testing and Materials (ASTM) Method D 2487‐98.


 Fill all sample containers using decontaminated sampling equipment, beginning with the containers for
volatile organic compound analysis. (See Attachment 1.) Soil samples for inorganic and non‐volatile
organic analyses will be separated and transferred into stainless steel bowls, homogenized by mixing
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with a stainless steel spoon, and transferred to the appropriate sample container. Remove large pebbles 
and cobbles from sample before placing in jars. 


 Discard unused samples in drums provided for investigation‐derived waste containment according to 
the guidelines specified in the Site Management Plan. 


 Decontaminate all non‐dedicated downhole equipment (rods, casing, etc.) in accordance with SOP‐13, 
Equipment Decontamination Procedures.  


 Abandonment of a specific soil boring should only be performed after discussions with the field team 
leader and project team. Most, if not all, soil borings completed during this field event are planned to 
have a monitoring well installed in them. 


Attachments 
Attachment 1—Recommended Use of En Core Soil Sampler® 


Reference 
ASTM Method D 2487‐98. 


Key Checks and Items 
 Monitor that the rotary sonic operator thoroughly completes the decontamination process between 


sampling locations. 


 Determine if a quality assurance/quality control sample will be required at a sampling location. If 
additional sample volume is required, advancement to the same depth interval may be needed. 


 


 


 


 


 


______________________________________  ____________________ 


SOP Approval Signature  Date 


 


 







 


Attachment 1 
Recommended Use of The En Core Sampler 


 







  


   


What is the En Core® Sampler? 


The En Core® Sampler, a disposable volumetric sampling device, was developed to assist field personnel in taking soil samples with minimal 
handling and maximum accuracy. 


The En Core® Sampler collects, stores and delivers soil samples...all within one easy-to-use 
device. The airtight sealing cap prevents the transfer of volatiles as the En Core® Sampler 
becomes its own self-contained package.  


• No chemicals are involved in the field.  


 


The En Core® Sampler, made of high-tech inert composite polymer is available in 5 gram and 25 gram versions. 


Besides its simplicity of use, the disposable En Core® Sampler avoids many of the problems of current VOC soil collection techniques, including: 


• The Sampler eliminates the need for methanol preservation;  
• The Sampler eliminates the need for preservation with sodium bisulfate, an alternate method.  
• Most importantly, the Sampler avoids many sources for lab discrepancies, thus assuring more consistent and accurate analyses.  


 


At Left, an attachable, reusable 
En Core® T-handle is used to push sampler into the soil. 


 Note: The disposable En Core® Sampler is designed for one-time-use only.  Complete sampling instructions are included in 
each packet. 


En Core® is covered by one or more of the following U.S. Patents: 5,343,771; 5,505,098; 5,517,868; 5,522,271; 5,706,904.  
Other U.S. and foreign patents pending.    


 
 







Summary and Comparison of Current 
Soil Collection Practices 


 


Collection and storage of soils for VOC analysis using current US EPA methodology has changed since 
the promulgation of SW846 Method 5035. The collection options are: 


• En Core Sampler Preservation. Collect 3 En Cores and a dry weight for each sample point. Ship to lab 
within 48 hours of collection.  


• Methanol Preservation. Requires coring and weighing 5 gram samples and placing in 40 mL vials 
preserved with methanol. VOC losses are prevented by both retarding volatilization and preventing 
biodegradation. However, this method involves use of a hazardous substance and weighing samples in the 
field. VOC detection limits are elevated 25 to 50 fold. Unused methanol and samples must be disposed of 
as hazardous waste.   


• Acid Preservation. Requires coring and weighing 5 gram samples and placing in 40 mL vials preserved 
with an acid solution (formed from sodium bisulfate). While this method overcomes the methanol 
objections and eliminates subsampling in the lab, different limitations are presented:  


• Acid may be insufficient for preserving soils with high buffering capacity.  
• Alkaline soils may react vigorously with the acid and the vials may explode.  
• Acid may salt in or salt out contaminants, depending on organic carbon content.  
• A high level analysis may be needed in addition to the low level analysis.  







Disposable En Core® Sampler Sampling Procedures  


NOTE: 


1. En Core Sampler is a Single Use device. It cannot be cleaned and/or reused. 
 
2. En Core Sampler is designed to store soil. Do not use En Core Sampler to store solvent or free product! 
 
3. En Core Sampler must be used with En Core® T-Handle and/or En Core® Extrusion Tool exclusively. (These items are 
sold separately.) 


Using The En Core® T-Handle 


Before Taking Sample: 
1. Hold coring body and push plunger rod down until small 
o-ring rests against tabs. This will assure that plunger 
moves freely. 


 
Click to view larger image. 


2. Depress locking lever on En Core T-Handle. Place coring body, plunger end first, into open end of T-Handle, aligning 
the (2) slots on the coring body with the (2) locking pins in the T-Handle. Twist coring body clockwise to lock pins in slots. 
Check to ensure Sampler is locked in place. Sampler is ready for use. 


Taking Sample: 


3. Turn T-Handle with T-up and coring body down. This 
positions plunger bottom flush with bottom of coring body 
(ensure that plunger bottom is in position). Using T-Handle, 
push Sampler into soil until coring body is completely full. 
When full, small o-ring will be centered in T-Handle viewing 
hole. Remove Sampler from soil. Wipe excess soil from 
coring body exterior. 


4. Cap coring body while it is still on T-handle. Push cap over 
flat area of ridge.  Push and twist cap to lock arm in place. 
Cap must be seated to seal sampler (see diagram below).


 
Click to view larger image 


 


Sampler Correctly Capped Sampler Incorrectly Capped 







Locking arm grooves seated over coring body ridge. Cap appears crooked; locking arm grooves not fully seated 
over coring body ridge 


 
 


Preparing Sampler For Shipment: 


5. Remove the capped Sampler by depressing locking lever 
on T-Handle while twisting and pulling Sampler from T-
Handle. 


6. Lock plunger by rotating extended plunger rod fully 
counter-clockwise until wings rest firmly against tabs (see 
plunger diagram at right). 


7. Attach completed label (from En Core Sampler bag) to 
cap on coring body. 


8. Return full En Core Sampler to zipper bag. Seal bag and 
put on ice. 


 


 







 


  
 


   


 Frequently Asked Questions 


Does the En Core Sampler work in tight clay? 


Does the En Core Sampler work in sand? 


Does the En Core Sampler work in rocks? 


Does the En Core Sampler work with down-hole sampling methods? 


How do I know if the En Core Sampler is full? 


How do I know if the cap is on properly? 


What is the status with hold times? 


Who do I contact if I have more questions? 


Does the En Core® Sampler work in tight clay?  


The En Core excels in sampling tight soils. A cutting edge was designed into the front of the body. Push and twist the 
sampler into the clay to take a core sample.  


Does the En Core® Sampler work in sand?  


The En Core cannot be used to sample sand in the normal way since dry sand will not form a cohesive plug. Pull the plunger 
back to form an o-ring seal on the back end of the body and scoop or push sand into the sampler. When the cap is attached, 
the sand will be kept in a headspace-free state.  


Does the En Core® Sampler work in rocks?  


The En Core sampler does not work with rocks. Rocks are a difficult matrix to sample no matter what approach is used. We 
would recommend that you have some methanol available if you need to sample rocks. You may need to break up the rocks 
to get a sufficiently small sample.  


Does the En Core® Sampler work with down-hole sampling methods?  


At the present time, the En Core does not work with down hole sampling. You must bring the soil core or split spoon to the 
surface and quickly punch out a sample.  


How do I know if the En Core® Sampler is full?  


There is a viewing hole in the handle. The back o-ring on the plunger will show in the viewing hole when soil has pushed the 
plunger fully to the back. However, there is another check you should make on every sample. The plunger can only be 
rotated when it is fully pushed to the back of the body. If you can twist the plunger, you have guaranteed that the soil has 
filled the sampler and the back o-rings have sealed.  


How do I know if the cap is on properly?  


When you put the cap on, it is important that you twist the cap as you push it on. The cap is properly sealed when the two 
locking arms are completely and symmetrically over the body ridge. This means the cap is sealed.  


What is the status with hold times?  


Currently, the hold time for all methods is 48 hours. This means that the soil must be placed in a preservative before the end 
of the 48 hour period. A recommendation is currently pending with EPA to extend hold time to either 7 days when stored at 
4 degrees C., or to 14 days when stored at –13 degrees C.  


Return to Top







STANDARD OPERATING PROCEDURE 3 


Direct Push Soil Sample Collection 


Purpose 
The purpose of this standard operating procedure (SOP) is to provide a general guideline for the collection 
of soil samples using direct push (e.g., GeoProbe) sampling methods. 


Scope 
The method described for direct push soil sampling is applicable for soil sampling at and below the ground 
surface and groundwater grab samples at discrete intervals within the saturated zone. Specific equipment 
and responsibilities of direct push subcontractors are described in contracting documentation. 


Equipment and Materials 
• Truck-mounted hydraulic percussion hammer
• Sampling rods
• Sampling tubes and liners (for soil samples)
• Photoionization detector
• Tool for opening liners
• Clean latex or surgical gloves as specified in the Health and Safety Plan
• Precleaned sample containers, stainless steel sampling equipment, coolers and other sampling supplies.


Procedures and Guidelines 
Soil Sampling 
• Ensure non-dedicated downhole equipment and sampling equipment are decontaminated in


accordance with SOP 13. 


• Wear appropriate personal protective equipment, as required by the Health and Safety Plan. Change
gloves between sampling locations.


• Confirm all underground utility clearances have been obtained and maps of private utilities have been
consulted.


• Drive sampling tube to the desired sampling depth using the truck-mounted hydraulic percussion
hammer. If soil above the desired depth is not to be sampled, first drive the lead rod, without a sampling
tube, to the top of the desired depth.


• Remove the rods and sampling tube from the borehole and, using the sleeve cutting tool, carefully split
the liner to allow access for removing the sample from the tube.


• Conduct photoionization detector readings at soil intervals as agreed by the field technician and field
team leader, and record the data. At least one photoionization detector reading should be taken on
each explicitly logged soil interval. Log the soil sample according to visual methods outlined in American
Society for Testing and Materials (ASTM) Method D 2487-98.


• Fill all sample containers using decontaminated sampling equipment, beginning with the containers for
volatile organic compound analysis. (See Attachment 1.) Soil samples for inorganic and nonvolatile
organic analyses will be separated and transferred into stainless steel bowls, homogenized by mixing
with a stainless steel spoon, and transferred to the appropriate sample container. Remove large pebbles
and cobbles from sample before placing in jars.
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• Label, handle, and store the sample according to the associated SOPs for Documentation and Chain of 
Custody and Sample Handling, Packaging, and Shipment.  


• Decontaminate all non-dedicated downhole equipment (rods, sampling tubes, etc.) in accordance with 
SOP 13. 


Attachments 
Attachment 1—Recommended Use of the En Core Sampler® 


Reference 
ASTM Method D 2487-98. 


Key Checks and Items 
• Verify that the hydraulic percussion hammer is clean and in proper working order. 


• Monitor that the direct push operator thoroughly completes the decontamination process between 
sampling locations. 


• Determine if a quality control sample will be required at a sampling location. If additional sample 
volume is required, another direct push advancement to the same depth interval may be needed. 


• Verify that the borehole made during sampling activities has been properly backfilled and the surface 
restored. 


 
 
 
 
 


 


 


______________________________________ ____________________ 


SOP Approval Signature Date 
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Attachment 1 
Recommended Use of the En Core Sampler 


 


 







  


   


What is the En Core® Sampler? 


The En Core® Sampler, a disposable volumetric sampling device, was developed to assist field personnel in taking soil samples with minimal 
handling and maximum accuracy. 


The En Core® Sampler collects, stores and delivers soil samples...all within one easy-to-use 
device. The airtight sealing cap prevents the transfer of volatiles as the En Core® Sampler 
becomes its own self-contained package.  


• No chemicals are involved in the field.  


 


The En Core® Sampler, made of high-tech inert composite polymer is available in 5 gram and 25 gram versions. 


Besides its simplicity of use, the disposable En Core® Sampler avoids many of the problems of current VOC soil collection techniques, including: 


• The Sampler eliminates the need for methanol preservation;  
• The Sampler eliminates the need for preservation with sodium bisulfate, an alternate method.  
• Most importantly, the Sampler avoids many sources for lab discrepancies, thus assuring more consistent and accurate analyses.  


 


At Left, an attachable, reusable 
En Core® T-handle is used to push sampler into the soil. 


 Note: The disposable En Core® Sampler is designed for one-time-use only.  Complete sampling instructions are included in 
each packet. 


En Core® is covered by one or more of the following U.S. Patents: 5,343,771; 5,505,098; 5,517,868; 5,522,271; 5,706,904.  
Other U.S. and foreign patents pending.    


 
 







Summary and Comparison of Current 
Soil Collection Practices 


 


Collection and storage of soils for VOC analysis using current US EPA methodology has changed since 
the promulgation of SW846 Method 5035. The collection options are: 


• En Core Sampler Preservation. Collect 3 En Cores and a dry weight for each sample point. Ship to lab 
within 48 hours of collection.  


• Methanol Preservation. Requires coring and weighing 5 gram samples and placing in 40 mL vials 
preserved with methanol. VOC losses are prevented by both retarding volatilization and preventing 
biodegradation. However, this method involves use of a hazardous substance and weighing samples in the 
field. VOC detection limits are elevated 25 to 50 fold. Unused methanol and samples must be disposed of 
as hazardous waste.   


• Acid Preservation. Requires coring and weighing 5 gram samples and placing in 40 mL vials preserved 
with an acid solution (formed from sodium bisulfate). While this method overcomes the methanol 
objections and eliminates subsampling in the lab, different limitations are presented:  


• Acid may be insufficient for preserving soils with high buffering capacity.  
• Alkaline soils may react vigorously with the acid and the vials may explode.  
• Acid may salt in or salt out contaminants, depending on organic carbon content.  
• A high level analysis may be needed in addition to the low level analysis.  







Disposable En Core® Sampler Sampling Procedures  


NOTE: 


1. En Core Sampler is a Single Use device. It cannot be cleaned and/or reused. 
 
2. En Core Sampler is designed to store soil. Do not use En Core Sampler to store solvent or free product! 
 
3. En Core Sampler must be used with En Core® T-Handle and/or En Core® Extrusion Tool exclusively. (These items are 
sold separately.) 


Using The En Core® T-Handle 


Before Taking Sample: 
1. Hold coring body and push plunger rod down until small 
o-ring rests against tabs. This will assure that plunger 
moves freely. 


 
Click to view larger image. 


2. Depress locking lever on En Core T-Handle. Place coring body, plunger end first, into open end of T-Handle, aligning 
the (2) slots on the coring body with the (2) locking pins in the T-Handle. Twist coring body clockwise to lock pins in slots. 
Check to ensure Sampler is locked in place. Sampler is ready for use. 


Taking Sample: 


3. Turn T-Handle with T-up and coring body down. This 
positions plunger bottom flush with bottom of coring body 
(ensure that plunger bottom is in position). Using T-Handle, 
push Sampler into soil until coring body is completely full. 
When full, small o-ring will be centered in T-Handle viewing 
hole. Remove Sampler from soil. Wipe excess soil from 
coring body exterior. 


4. Cap coring body while it is still on T-handle. Push cap over 
flat area of ridge.  Push and twist cap to lock arm in place. 
Cap must be seated to seal sampler (see diagram below).


 
Click to view larger image 


 


Sampler Correctly Capped Sampler Incorrectly Capped 







Locking arm grooves seated over coring body ridge. Cap appears crooked; locking arm grooves not fully seated 
over coring body ridge 


 
 


Preparing Sampler For Shipment: 


5. Remove the capped Sampler by depressing locking lever 
on T-Handle while twisting and pulling Sampler from T-
Handle. 


6. Lock plunger by rotating extended plunger rod fully 
counter-clockwise until wings rest firmly against tabs (see 
plunger diagram at right). 


7. Attach completed label (from En Core Sampler bag) to 
cap on coring body. 


8. Return full En Core Sampler to zipper bag. Seal bag and 
put on ice. 


 


 







 


  
 


   


 Frequently Asked Questions 


Does the En Core Sampler work in tight clay? 


Does the En Core Sampler work in sand? 


Does the En Core Sampler work in rocks? 


Does the En Core Sampler work with down-hole sampling methods? 


How do I know if the En Core Sampler is full? 


How do I know if the cap is on properly? 


What is the status with hold times? 


Who do I contact if I have more questions? 


Does the En Core® Sampler work in tight clay?  


The En Core excels in sampling tight soils. A cutting edge was designed into the front of the body. Push and twist the 
sampler into the clay to take a core sample.  


Does the En Core® Sampler work in sand?  


The En Core cannot be used to sample sand in the normal way since dry sand will not form a cohesive plug. Pull the plunger 
back to form an o-ring seal on the back end of the body and scoop or push sand into the sampler. When the cap is attached, 
the sand will be kept in a headspace-free state.  


Does the En Core® Sampler work in rocks?  


The En Core sampler does not work with rocks. Rocks are a difficult matrix to sample no matter what approach is used. We 
would recommend that you have some methanol available if you need to sample rocks. You may need to break up the rocks 
to get a sufficiently small sample.  


Does the En Core® Sampler work with down-hole sampling methods?  


At the present time, the En Core does not work with down hole sampling. You must bring the soil core or split spoon to the 
surface and quickly punch out a sample.  


How do I know if the En Core® Sampler is full?  


There is a viewing hole in the handle. The back o-ring on the plunger will show in the viewing hole when soil has pushed the 
plunger fully to the back. However, there is another check you should make on every sample. The plunger can only be 
rotated when it is fully pushed to the back of the body. If you can twist the plunger, you have guaranteed that the soil has 
filled the sampler and the back o-rings have sealed.  


How do I know if the cap is on properly?  


When you put the cap on, it is important that you twist the cap as you push it on. The cap is properly sealed when the two 
locking arms are completely and symmetrically over the body ridge. This means the cap is sealed.  


What is the status with hold times?  


Currently, the hold time for all methods is 48 hours. This means that the soil must be placed in a preservative before the end 
of the 48 hour period. A recommendation is currently pending with EPA to extend hold time to either 7 days when stored at 
4 degrees C., or to 14 days when stored at –13 degrees C.  


Return to Top







STANDARD OPERATING PROCEDURE 4 


Groundwater Monitoring Well Installation 


Purpose 
This procedure defines the requirements for the installation of shallow (overburden) monitoring wells. 


Scope 
The installation of groundwater monitoring wells. 


Procedures/Guidelines 
General 
A monitoring well is a device designed for obtaining groundwater samples that represent the chemical quality of the 
aquifer adjacent to the screened interval, unbiased by the well materials and installation process, and that provides 
access to measure the potentiometric surface for the screened interval. The screened interval is that part of the 
device that is directly open (horizontally adjacent) to the host aquifer by way of openings in the well casing (hereafter 
called the “screen”) and indirectly open (vertically adjacent) to the aquifer by way of the filter pack (or other 
permeable material) extending below or above the screen. The maximum length of the screened interval is fixed for a 
given well (by the length of the filter pack), but the effective or functional length may vary with water table 
fluctuations or sampling techniques. American Society for Testing and Materials (ASTM) D 5092 contains additional 
guidance on monitoring well installation. 


Well Clusters 
Each monitoring well is a mechanism through which to obtain a representative sample of groundwater and, to 
measure the potentiometric surface in that well. To help ensure this representation in the case of well clusters, 
each well of a cluster should be installed in a separate boring. Multiple well placements in a single boring are too 
difficult for effective execution and evaluation to warrant single boring usage. 


Well Screen Usage 
Each shallow monitoring well should have a screen, per attached Typical Monitoring Well Detail (or of a technically 
equivalent construction as in ASTM D 5092).  


Beginning Well Installation 
1. The installation of the monitoring well should begin within 12 hours of completing the boring. Once installation


has begun, there should be no breaks in the installation process until the well has been completed.


2. In cases of unscheduled delay, such as personal injury, equipment breakdowns, or sudden inclement weather or
scheduled delays such as boring geophysics, no advance approval of delayed well installation should be needed. In
those cases, resume installation as soon as practicable. Partially completed borings should be properly secured
during periods of inactivity to preclude the entry of foreign materials or unauthorized personnel to the boring.


3. Temporary casing and hollow-stem augers may be withdrawn from before well installation if cross-
contamination is unlikely and if the boring walls will not slough during the time required for well installation.
This procedure usually is successful in firm clays and in bedrock that is not intensely fractured or highly weathered.


4. If the boring will not remain stable long enough to complete placement of all necessary well materials in the
proper position, it may be necessary to install some or all well materials before removing the casing or hollow-
stem augers. In this situation, the hollow-stem augers or casing should have an inside diameter sufficient to
allow installation of the prescribed diameter screen and casing plus annular space for a pipe through which to
place the filter pack and grout.







5. Materials, especially soils, blocking the bottom of the drill casing, or hollow-stem auger should be dislodged 
and removed from the casing before inserting the well. This action reduces the potential for cross-
contamination and makes installation easier. 


6. Once begun, well installation should not be interrupted by the end of the driller’s work shift, darkness, 
weekend, or holiday.  


7. All materials and equipment for drilling and installing a well should be available and onsite before drilling the 
well. The equipment and materials should be onsite before drilling and installing a well if the total drilling and 
installation effort is scheduled to take 14 days or less. For longer schedules, the materials needed for at least 
14 days of operation should be onsite before well drilling. The balance of materials should be in transit before 
well drilling. Site-specific factors that preclude the availability of needed secure storage areas should be 
identified and resolved in the drilling plan. 


Screens, Casings, and Fittings 
1. Well screens and well casings should be free of foreign matter (e.g., adhesive tape, labels, soil, grease, etc.) 


and washed with approved water before use. Prewashing may not be necessary if the materials have been 
packaged by the manufacturer and have their packaging intact up to the time of installation. Pipe 
nomenclature stamped or stenciled directly on the well screen or blank casing within and below the bentonite 
seal should be removed by means of sanding, unless removable in approved water. Solvents, except approved 
water, should not be used to remove markings. Washed screens and casings should be stored in plastic 
sheeting until immediately before insertion into the boring.  


2. Bottoms of well screens should be placed no more than 2 feet above the bottom of the drilled boring. If 
significant overdrilling is required (as for determining stratigraphy), a pilot boring should be used. The intent is to 
narrow the interval of aquifer being sampled, to limit the potential for stagnant or no-flow areas near the screen, 
and to preclude unwanted backfill materials (e.g., grout or bentonite) from entering or passing through the 
interval to be screened and sampled. The casing/screen should be suspended from the surface and should not 
rest on the bottom of the boring during installation of the filter pack and annular seal.  


3. All screen bottoms should be securely fitted with a threaded cap or plug of the same composition as the 
screen. The cap/plug should be within 0.5 foot of the open part of the screen. No solvents or glues should be 
permitted for attachment. 


4. Silt or sediment traps (also called cellars, tail pipes, or sumps) should not be used. A silt trap is a blank length of 
casing attached to and below the screen. Trap usage fosters a stagnant, turbid environment that could 
influence analytical results for trace concentrations.  


5. The top of each well should be level such that the difference in elevation between the highest and lowest 
points on the top of the well casing or riser should be less than or equal to 0.02 foot. 


6. Well screen lengths may be a function of hydrostratigraphy, temporal considerations, environmental setting, 
analytes of concern, or regulatory mandate. Screen lengths should be specified in the drilling plan.  


7. The actual inside diameter of a nominally sized well is a function of screen construction and the wall thickness/ 
schedule of both the screen and casing. In the case of continuously wound screens, their interior supporting 
rods may reduce the full inside diameter. This consideration is critical when planning the sizes for pumps, 
bailers, surge devices, and so on. 


8. When physical or biological screen clogging is anticipated, the larger open area per unit length of continuously 
wound screens has an advantage over the slotted variety. 


Granular Filter Pack 
1. When artificial filter packs are used, a tremie pipe should be used to place the filter pack, especially when the 


boring contains drilling fluid or mud. A record should be maintained of the amount of water used to place the 
filter pack, which should be added to the volume of water to be removed during well development.  







2. The filter pack should extend from the bottom of the boring to 1 to 2 feet above the top of the screen, unless 
otherwise specified in the drilling plan. This extra filter allows for settlement (from infiltration and compaction) 
of the filter pack during development and repeated sampling events. The additional filter helps to maintain a 
separation between the bentonite seal and well screen. 


3. Depending on the gradation of the primary filter pack and the potential for grout intrusion into the primary 
filter pack, a secondary filter pack may be installed above the primary filter pack to prevent the intrusion of the 
bentonite grout seal into the primary filter pack. To be effective, the secondary filter should extend 1 to 2 feet 
above the primary filter pack.  


4. The final depth to the top of the granular filter should be directly measured (by tape or rod) and recorded. 
Final depths should not be estimated, for example, as based on volumetric measurements of placed filter. 


Bentonite Seals 
1. Bentonite seals, especially those set in water, should be composed of commercially available pellets or chips. 


Pellet or chip seals should be 2- to 3-feet-thick, as measured immediately after placement without allowance 
for swelling. Granular bentonite may be an alternate if the seal is set in a dry condition. Tremie pipes are not 
recommended.  


2. Slurry seals can be used when the seal location is too far below water to allow for pellet or containerized 
bentonite placement or within a narrow well-boring annulus. Typically, the specific gravity of cement grout 
placed atop the slurry seal will be greater than that of the slurry. Therefore, use a slurry seal should be detailed 
in the drilling plan, and details of how the grout will be precluded from migrating through the slurry should be 
discussed. Slurry seals should have a thick, batter-like (high viscosity) consistency with a placement thickness 
of 2 to 3 feet). Typically, only high-solids bentonite grouts are used that consist of a blend of powdered 
bentonite and fresh water mixed to a minimum 20 percent solids by weight of pumpable slurry with a density 
of 9.4 pounds per gallon or greater. 


3. The final depth to the top of the bentonite seal should be directly measured (by tape or rod) and recorded. Final 
depths should not be estimated, as, for example, based on volumetric measurements of placed bentonite.  


4. Numerous opinions have been expressed regarding bentonite hydration time, bentonite placement 
procedures under water versus in a dry condition, and the potential installation delays and other 
consequences caused by these factors. By not allowing sufficient time for the bentonite seal to hydrate and 
form a low permeable seal, grout material could infiltrate into the bentonite seal and possibly into the filter 
pack. It is recommended waiting at least 3 to 4 hours for hydration of bentonite pellets, or tablets when 
cement grout is used above the bentonite seal. If bentonite chips are used, the minimum hydration time could 
be twice as long. Because of their high moisture content and slow swelling tendencies, chips can be dropped 
through a water column more readily than a material with a low moisture content, such as pellets or tablets. A 
2-foot minimum bentonite pellet seal must be constructed to protect the screen and filter pack from down-
hole grout migration. When installing a bentonite seal in the vadose zone (the zone above the water table), 
water should be added to the bentonite for it to hydrate properly. The amount of water required depends on 
the formation. It is recommended that the bentonite seal be placed in 6- to 12-inch lifts. This method will 
assure that the bentonite seal is well hydrated and accomplish its intended purpose.  


Annular Seal 
The annular space above the bentonite seal should be grouted with cement high-solids bentonite, 
bentonite/cement grout, or bentonite chips, up to 30 inches below the ground surface and shall be at least 2 feet 
in thickness. The primary purpose of the annular seal is to minimize the vertical migration of water to the 
groundwater intake zone and to increase the integrity of the well casing. 


Bentonite Chips 
Bentonite Chips should be placed in 6- to 12-inch lifts hydrated with tap water. 







Grouting 
All prescribed portions of grout material should be combined in an aboveground rigid container and mechanically 
(not manually) blended to produce a thick, lump-free mixture throughout the mixing vessel. The mixed grout 
should be placed around the monitoring well as follows:  


1. The grout should be placed from within a rigid side discharge grout pipe located just over the top of the seal. 
The grout or tremie pipe should be decontaminated before use. 


2. Before exposing any part of the boring above the seal by removal of drill casing (to include hollow-stem 
augers), the annulus between the drill casing and well casing should be filled with sufficient grout to allow 
planned removal of the drill casing. The grout should not penetrate the well screen or granular filter pack. 
Disturbance of the bentonite seal should be minimal.  


− If all drill casing is to be removed in one operation, the grout should be pumped through the grout pipe 
until undiluted grout flows from the annulus at ground surface, forming a continuous grout column from 
the seal to ground surface. The drill casing should then be removed, making certain that exposure of the 
boring to the atmosphere is minimal. During the removal of hollow-stem augers, the grout pipe may have 
to be reinserted occasionally for additional grouting to compensate for the larger annular space created by 
the augers’ helical coil.  


− If drill casing is to be incrementally removed with intermittent grout addition, the grout should be pumped 
through the grout pipe until it reaches a level that will permit at least 3 meters (10 feet) of grout to remain 
in the well/drill casing annulus after removing the selected length of drill casing. Using this method, at 
least 6 meters (20 feet) of grout should be within the drill casing before removing 3 meters (10 feet) of 
driven casing or considerably more than 6 meters (20 feet) of grout for the removal of 3 meters (10 feet) of 
hollow-stem auger. With this method, the grout pipe needs only to be reinserted to the base of the casing 
yet to be removed before repeating the grout insertion process.  


3. If the ungrouted part of the boring is less than 15 feet deep and without fluids after casing removal, the 
ungrouted part may be filled by pouring grout from the surface without a pipe. 


4. If drill casing (to include hollow-stem auger) was not used, grouting should proceed to surface in one 
continuous operation. Care should be taken, however, in deep wells when using cement grout around 
polyvinyl chloride (PVC) casing. Extreme heat, commonly known as heat of hydration, can be generated by the 
cement during hydration and curing. The heat generated can be sufficient enough to soften or weaken PVC 
casing, resulting in collapse of the casing. Grouting in multiple lifts may be necessary in this situation. 


5. Once begun, the grouting process should be continuous until the drill casing has been removed and all annular 
spaces are grouted to the ground surface.  


6. Protective casing should be installed the same day that grouting begins. 


7. The site should be checked for grout settlement and more grout added that day to fill any depression. Repeat 
the process until firm grout remains at ground surface. This process should be completed within 24 hours of 
the initial grout placement. Incremental quantities of grout added in this manner should be recorded on the 
attached well completion diagram. 


8. For grout placement in a dry and open boring less than 15 feet deep, the grout may be manually mixed and 
poured in from the surface as long as seal integrity is maintained. 


9. No grout should be placed or allowed to migrate below the bentonite seal and into the well screen. 


Well Protection 
1. Protective casing should be installed around each monitoring well the day the grout is placed. The annulus 


formed between the outside of the protective casing and boring should be filled to the ground surface with 
grout. The annulus should be filled to at least 0.5 foot above the ground surface with cement or bentonite as 
part of the overall grouting procedure.  







2. Protective casing should be cleaned before placement; free of extraneous openings; and devoid of asphaltic, 
bituminous, encrusting, and coating materials, except the black paint or primer applied by the manufacturer.  


3. An example of a flush-to-ground completion is shown in attached Typical Monitoring Well Detail. Additional 
guidance on monitoring well protection may be found in ASTM Standard Practice D 5787. Recommended 
minimum elements of protection design include the following list: 


− All manhole covers should be lockable. 


− If practical, have all padlocks at a given site keyed the same.  


Well Construction Diagrams 
Each installed well should be depicted in a well completion diagram (see attached example). The diagram should 
be attached to the original boring log for that installation and graphically denote depth from ground surface. The 
following information, if applicable, should be described on the well completion diagram: 


• Actual quantity and composition of the grout, bentonite seals, and granular filter pack used for each well 


• Screen slot size in millimeters (inches), slot configuration, total open area per meter (foot) of screen, outside 
diameter, nominal inside diameter, schedule/thickness, composition, and manufacturer  


• Material between the bottom of the boring and the bottom of the screen 


• Outside diameter, nominal inside diameter, schedule/thickness, composition, and manufacturer of the well 
casing 


• Composition of the protective casing and nominal inside diameter 


• Special problems and their resolutions; for example, grout in well, lost casing or screen, bridging, casing repairs 
or adjustments, and so on 


• Dates and times for the start and completion of well installation 


Special abbreviations used on the attached well completion diagram should be defined on the diagram. 


Attachments 
Well completion diagram. 


Key Checks/Items 
None. 
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SOP Approval Signature Date 


 











 


Attachment 1 
Well Completion Diagram 


 


 







PROJECT NUMBER WELL NUMBER


SHEET   1 OF   1


WELL COMPLETION DIAGRAM


PROJECT : LOCATION :
DRILLING CONTRACTOR :
DRILLING METHOD AND EQUIPMENT USED :
WATER LEVELS : START : END :   LOGGER :  


3


3b 2 1 1- Ground elevation at well


2- Top of casing elevation


3a 3- Wellhead protection cover type
a) drain tube?
b) concrete pad dimensions


8
4- Dia./type of well casing


5- Type/slot size of screen


7
6- Type screen filter


4 a) Quantity used


7- Type of seal
a) Quantity used


5 8- Grout
a) Grout mix used
b) Method of placement
c) Vol. of well casing grout


Development method
6


Development time


Estimated purge volume


Comments







STANDARD OPERATING PROCEDURE 4 


Installation of Temporary Soil Gas Sampling 
Probes 


Scope and Application   
This standard operating procedure (SOP) is recommended as a practical approach for the installation of 
temporary soil gas sampling probes where the intent is to collect soil gas samples only on a single 
occasion.  A common use of this SOP is during vapor intrusion assessments associated with subsurface 
volatile organic compound (VOC) contamination.  This SOP should be used when its application is 
consistent with the project’s data quality objectives (DQOs) and in conjunction with the SOP for the 
Collection of Soil Gas Samples from Temporary Probes and Permanent Implants Using Canisters. The 
project team is responsible for ensuring this procedure meets all applicable regulatory standards and 
receives approval/concurrence from the leading regulatory agency for the project. Only persons trained 
in the installation of soil gas probes should attempt this procedure. 


Project-Specific Considerations 
As with all intrusive site work, a utility clearance should be performed prior to mobilization.  It may also 
be necessary to acquire permits and site access.   


Soil gas sampling should not be performed until 48 hours after a significant rain event (defined as >1 
inch of rainfall). 


Temporary soil gas probes are typically installed with a drive point method, where the probe is pushed 
into the ground without creating a hole beforehand.  The probe may either be advanced with a hand 
tool method (e.g., the AMS® Retract-A-Tip system), or a drill rig (e.g., Geoprobe® post-run tubing [PRT] 
method).  Equipment specifically designed for temporary soil gas sampling is available for either 
method.  Operation of direct-push machinery shall be performed only by trained and licensed 
personnel.  The hand tool installation method is only applicable to relatively shallow sampling (e.g., up 
to 10 to 15 ft bgs depending on the soil type). 


Prior to attempting installing soil gas probes there should be an understanding of subsurface conditions 
at the site.   


• Depth to Groundwater – soil gas samples must be collected in the vadose zone (and above the 
capillary fringe).  


• Soil permeability - It may not be feasible to collect soil gas from finer-grained or tight soils with 
little pore volume, such as clays; if there are clay layers present in the subsurface, these 
intervals should be avoided.  For sampling in these soils, using permanent soil gas implants with 
a wider borehole is recommended.  Care should be taken during purging and sampling so that 
the vacuum in the sampling system never exceeds 7 inches mercury (inches Hg) or 
approximately 100 inches water. 


• Gravel or dense clay layers may make hand installation methods impracticable. 
Select the probe interval length – typically probe sample intervals are 2 inches or 1 foot; however, 
smaller or larger intervals may be selected depending on the project’s DQOs. 


Selecting the probe depth interval  


• The top of the soil gas probe should be at least 5 feet below ground surface (bgs) to avoid short 
circuiting with outdoor air.  If there is impermeable ground cover (e.g., concrete, asphalt), 
shallower sampling depths may be considered.   


• The bottom of the soil gas probe must be above the capillary fringe. 
   







• As the depth of the sampling interval increases, the difficulty of installing the probe also 
increases, with the primary challenges being pushing the rods down with a hand tool and 
threading the post-run tubing (PRT) adapter into the PRT point holder.   


• It is advisable to collect a soil core from the proposed sampling area prior to installing the soil 
gas probe to identify the exact depth of the capillary fringe and determine where the most 
permeable soil layers are located. 


• Sampling at multiple depths at each sample location (or a subset of the locations) should be 
considered to obtain a vertical profile of soil gas conditions if the vadose zone height is long 
enough; typically the bottom of a probe should be at least 5 feet from the top of the probe 
beneath it.  Multi-depth sampling can be performed in one hole by starting with the shallowest 
depth first and then continuing downward. 


Temporary soil gas probes can be installed either with or without the sample tubing in place.  The 
sample tubing is attached after the probe is pushed to depth in the PRT method.  However, the probe 
can be pushed with the tubing attached by using a slotted drive cap and slotted pull cap.  This method is 
better for deeper sampling intervals. 


Materials 
Geoprobe® PRT Method (the equipment below is typically supplied by the drilling subcontractor) 


• Drive rods – 1.25-inch outer diameter drive rods  


• Expendable drive points – steel or aluminum 1.1-inch outer diameter expendable drive points  


• PRT expendable point holder  


• PRT adapters  


• Post-run point popper  
AMS® Retract-A-Tip Method (the equipment may be rented or purchased from AMS®; they offer several 
different “Gas Vapor Probe Kits” which may be customized with additional pieces of equipment) 


• Slide hammer or hammer drill for driving the probe (will need power supply for the hammer 
drill) 


• Drive rods – 5/8-inch outer diameter hollow drive rods  


• Removal jack 


• Retract-A-Tip assembly 
Probe tubing - 1/4-inch outer diameter (OD) Teflon® tubing (may be supplied by the drilling 
subcontractor) 


Probe cap (to seal the tubing during equilibration) – Swagelok® part number SS-400-C 


MultiRae five gas meter for health and safety monitoring during drilling.  A MultiRae photoionization 
detector and Landtec GEM 2000 landfill gas meter (or equivalent) may be used instead of the five gas 
meter.  


Electrical tape 


Leather work gloves, vice grips, and a large adjustable wrench are necessary for the AMS method 


Temporary Soil Gas Probe System Set-Up 
Obtain soil gas sampling probes in sufficient quantity to carry out the assessment.  These systems and 
their installation can be obtained from geotechnical firms that provide direct-push supplies and services 
or from AMS® for the hand tool method.  Their basic installation procedures can be followed as long as 
the details below are included. 


   







Manufactured soil gas probes (such as the Geoprobe® PRT system, and AMS® Retract-A-Tip) are 
specifically manufactured for soil gas collection and facilitate installation, improve sampling, are easily 
decontaminated between each use, and offer consistency and ease of use.   


It is necessary to coordinate the hardware (i.e., size of tubing, fittings, sampling interface assembly, etc.) 
that mates the soil gas probe sampling line to the sampling system (e.g., Tedlar® bags, SUMMA® 
canisters).  Appropriate hardware is critical to achieving a leak-free system.  All connections should be 
inert gas-tight compression fittings (i.e., Swagelok® or equivalent), and all sample transfer lines should 
be made of Teflon® or inert nylon tubing.  Typically, all tubing and fittings should be 1/4-inch OD.  These 
fittings will match up with the sampling manifold specified in the soil gas sampling SOP.    


The soil gas probes and equipment must be decontaminated prior to use.  Steam cleaning is the 
preferred method of decontamination; however, a three-stage decontamination process consisting of a 
wash with a non-phosphate detergent, a rinse with tap water and a final rinse with distilled water may 
be used. The equipment should be allowed to dry before use.  Once decontaminated, the probes must 
be shown to be free of contaminants.  At a minimum, a suitably sensitive organic vapor meter should be 
used for this purpose.  Any probe that does not pass decontamination should not be used. 


New tubing must be used for each soil gas probe; the tubing cannot be decontaminated. 


Handle and store decontaminated soil gas probes in a manner that prevents contamination.  


Inspect all probe parts for wear before each use.  Replace probe tips, o-rings, adapters, and probe rods 
as needed.  New parts and parts in good working condition greatly reduce the chances of ambient air 
leaking into the soil gas sample and reduce the need for re-pushing probes.  Ideally, the expendable 
point holder will be a single piece (as opposed to two or more).   


Soil Gas Probe Installation & Removal for the Geoprobe® 
PRT Method 
Assemble the probe as shown in Figure 1.  The PRT adaptor and tubing may be attached to the PRT point 
holder so that the tubing is pushed down instead of post-run if a slotted drive cap is used.   


Push the probe to the desired depth.  Ensure that the final depth of the drive point includes extra depth 
to include the length of the tip and the sampling interval when retracted (e.g., for a depth of 5 feet bgs 
with a 6-inch screen, push the probe to 5 feet 6 inches bgs).   


Retract the probe to create an annular space.  The retraction length is equal to the selected sampling 
interval length.  It is advisable to check that the tip detached during retraction.  This can be done by 
poking a small-diameter rod down the inside of the probe.  Note: Sometimes an o-ring may be used 
between the tip and tip holder.  If so, the tip is more likely to stay attached to the holder when the 
probe is retracted.  Since a leak-check procedure will be utilized prior to collecting soil gas samples, it is 
not necessary to use an o-ring on the tip.  The force of the direct push will hold the tip against the tip 
holder during the push.  In other words, there is no need to create a leak-free seal at this connection, as 
the tip will be removed before sampling. 


Attach the PRT adapter to the 1/4-inch OD Teflon® tubing and secure in place by wrapping the 
connection with about 2 inches of electrical tape.  This prevents the tubing from slipping on the nipple 
while tightening.  Double check that the o-ring on the PRT adapter is new and undamaged.   


Feed the PRT adapter and tubing down the probe.  When it reaches the point holder, cut the tubing so 
that an additional 2 to 3 feet of tubing remains above ground.   


While pushing down on the tubing, twist in a counter-clockwise direction until the probe adapter and 
tubing seat.  Test the connection by lightly tugging on the tubing.   


Install the probes in a manner that creates a leak-free seal between the above-ground atmosphere and 
the probe tip, while minimizing the impact on ground surface covers (e.g., asphalt, concrete, driveways, 


   







lawns).  Achieving a leak-free seal may require placement of an inert sealing material (i.e., hydrated 
bentonite) at the point where the probe penetrates the ground surface.  See Figure 2. 


In the event the direct-push installation technique does not work, and a pre-drilled pilot hole is needed, 
this procedure must be coordinated with the project engineer.  Use of pre-drilled holes will require 
careful control as to not over-drill and may also create the need for back-grouting to overcome leakage 
from the aboveground ambient atmosphere. 


Wait 30 minutes after the probe is installed and sealed properly to begin sampling, so that the 
subsurface has time to equilibrate.  The probe cap should be tightened on the end of the tubing during 
the equilibration period.  Follow the proper procedures as presented in the SOP for the Collection of Soil 
Gas Samples from Temporary Probes and Permanent Implants Using Canisters, and be sure that leak-
check procedures are employed. 


Removal of the probes is to be carried out by trained personnel using the direct-push machinery.  The 
probe will be removed in a manner that minimizes disruption of ground surface covers (e.g., asphalt, 
concrete, driveways, lawns).  Abandon the borehole by filling with a hydrated bentonite slurry or 
concrete. 


Replace ground surface covers and repair to original condition.      


Soil Gas Probe Installation & Removal for the AMS® 
Retract-A-Tip Method 
Assemble the probe as shown in Figure 2 and attach the tubing.  Thread the tubing through the hollow 
rod and attach the drive end to the top of the rod.  Electrical tape may be used to secure the tubing to 
the tip, and protect the tubing from the drive end. 


  Push the probe to the desired depth with either the slide hammer or hammer drill.  Attach extra rods 
to achieve the desired depth.  Ensure that the final depth of the drive point includes extra depth to 
include the length of the retracted tip. 


Retract the rod with the removal jack to expose the screen within the probe tip.   


Install the probes in a manner that creates a leak-free seal between the above-ground atmosphere and 
the probe tip, while minimizing the impact on ground surface covers (e.g., asphalt, concrete, driveways, 
lawns).  Achieving a leak-free seal may require placement of an inert sealing material (i.e., hydrated 
bentonite) at the point where the probe penetrates the ground surface. 


In the event the installation technique does not work, and a pre-drilled pilot hole is needed, this 
procedure must be coordinated with the project engineer.  Use of pre-drilled holes will require careful 
control as to not over-drill and may also create the need for back-grouting to overcome leakage from 
the aboveground ambient atmosphere. 


Wait 30 minutes after the probe is installed and sealed properly to begin sampling, so that the 
subsurface has time to equilibrate.  The probe cap should be tightened on the end of the tubing during 
the equilibration period.  Follow the proper procedures as presented in the SOP for the Collection of Soil 
Gas Samples from Temporary Probes and Permanent Implants Using Canisters, and be sure that leak-
check procedures are employed. 


Remove the probe with the removal jack.  The probe will be removed in a manner that minimizes 
disruption of ground surface covers (e.g., asphalt, concrete, driveways, lawns).  Abandon the borehole 
by filling with a hydrated bentonite slurry or concrete. 


Replace ground surface covers and repair to original condition.      
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FIGURE 2 
 
AMS Retract-A-Tip 
probe assembly 


   







PROJECT NUMBER WELL NUMBER
SHEET 1 OF 1


WELL DEVELOPMENT LOG


PROJECT: LOCATION:
DEVELOPMENT CONTRACTOR:
DEVELOPMENT METHOD AND EQUIPMENT USED:
START WATER LEVELS: START: END: LOGGER:


MAXIMUM DRAWDOWN DURING PUMPING:
RANGE AND AVERAGE DISCHARGE RATE:
TOTAL QUANTITY OF WATER DISCHARGED:
DISPOSITION OF DISCHARGE WATER:


Time
Water Volume 


Discharged (gal)
Water Level
 (ft BTOC) Turbidity (NTU)


Temperature 
(oC)


pH 
(s.u.)


Conductivity 
(mmhos/cm)


Remarks
(color, odor, sheen, sediment, etc.)







 


 


STANDARD OPERATING PROCEDURE 6 


Well Development  
Purpose 
This Standard Operating Procedure (SOP) provides a general guideline for groundwater monitoring well 
development. The overall objectives of monitoring well development are as follows: 


 Restoring the aquifer properties near the well boring disturbed during drilling 


 Removing the finer‐grained materials from the surrounding filter pack (if present) that may otherwise 
interfere with water quality analyses 


 Improving the hydraulic characteristics of the filter pack (if present) and hydraulic communication 
between the well and the hydrologic unit adjacent to the well screen 


 Removing all water introduced into the borehole while drilling 


Scope 
Data generated from the use of this SOP may be used to support site characterization, risk assessment, and 
evaluation of remedial alternatives. 


Equipment and Materials 
Pumping and surging equipment will be provided by the drilling subcontractor, and they are also responsible 
for containing and moving the purge water using previously agreed‐upon equipment and supplies. The 
CH2M HILL representative should check whether the contractor is providing the agreed‐upon equipment 
and materials at the beginning of the project. The remainder of the materials listed should be provided by 
CH2M HILL: 


 Water quality monitoring instrument(s) capable of measuring dissolved oxygen (DO), oxidation‐
reduction potential (ORP), conductivity, pH, turbidity, and temperature 


 Water level indicator 


 Well development form 


 Decontamination supplies (see SOP‐14, Decontamination of Field Sampling Equipment and Personnel) 


Procedures and Guidelines 
1. The well will be developed by surging and pumping, or bailing for low recharge wells where pumping is 


not appropriate; however, the preferred method is block surging. 


2. Wells are to be surged with a surge block for 10 minutes before pumping begins. The surge block should 
be relatively close‐fitting within the well, and should preferably be connected to a solid rod during 
surging. Under no circumstances will wells that are screened in silt or clay materials be surged. 


3. Development will include surging the well by rapidly moving the surge block up and down several feet at 
a time inside the well screen interval of the well, abruptly stopping flow and allowing water in the well 
column to fall back into the well. 


4. Pipes and pumps must not be fitted with foot valves or other devices that might inhibit the return flow 
of water to the well. 


5. Surging (when used) should continue throughout the development process. 







 


 


6. For new wells, a YSI water quality meter or equivalent will be used to collect water quality data from the 
produced groundwater, including temperature, PH, specific conductivity, and turbidity. A Hach turbidity 
meter should be used to collect more accurate turbidity readings. The water quality meter is to be 
calibrated in accordance with FOP‐09, Field Water Quality Measurements and Calibration. 


7. Wells being redeveloped shall only require monitoring of the turbidity units as described below. 


8. Well development will continue until the water produced is visibly free of turbidity, sand, and silt. 
Monitor purge water until turbidity is below 50 nephelometric turbidity units, and the other parameters 
are within 10 percent over three readings, or until 10 boring volumes have been purged, whichever is 
first.  


9. Development water will be contained and transported to a centralized water storage location as 
specified in the Investigation Derived Waste Management Plan. The subcontractor will be responsible 
for any transport of temporary containers to a designated investigation‐derived waste storage location. 
An “on hold pending analysis” label will be used until laboratory results return, at which time the 
appropriate label will be applied. 


Attachments 
Well Development Log 


Key Checks and Items 
 Check that all equipment is properly decontaminated as needed 


 Check that all drums are properly labeled and stored 


 Check that all information has been recorded on the well development form 
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STANDARD OPERATING PROCEDURE 7 


Low-flow Groundwater Sample Collection 


Summary 
The objective of groundwater sampling and analysis is to determine, to the maximum extent possible, in situ 
groundwater conditions. Therefore, sample collection procedures should minimally impact analytical results. 
This standard operating procedure describes “low-flow” methods for sampling groundwater from a well 
using a sumbersible pump. The procedure will, in most situations, provide for the collection of groundwater 
samples with minimum turbidity. 


This low-flow sampling procedure requires that the sumbersible pump be placed into the monitoring well 
midway between the top and bottom of the screened interval, or at the appropriate depth if a preferential 
sampling horizon exists. Care must be taken to not place the bottom of the pump near the bottom of the 
well, as this would cause increased entrainment of solids that may have settled in the well over time. Tubing 
is then run from the sumbersible pump to land surface near the well. The pump causes water to be 
discharged from the tubing, which facilitates the collection of field measurements and water samples. 


II. Equipment and Materials
• Flow-through cell with inlet/outlet ports for purged groundwater and watertight ports for each


probe
• Meters to monitor pH, specific conductance, dissolved oxygen, oxidation-reduction potential (ORP),


and temperature (e.g., YSI 600XL or similar).
• Turbidity meter (Hach brand recommended)
• Water-level indicator
• Submersible Pump
• Energy source  (12V car plug, or fully charged lead-acid battery)
• Alternative volumetric sampling equipment (e.g., disposable bailers, peristaltic pump)
• Disposable polyethylene tubing
• Well-construction information
• Calibrated bucket or other container and watch with second indicator to determine flow rate
• Sample containers
• Shipping supplies (labels, coolers, and ice)
• Field book, Groundwater Sampling Forms


III. Procedures and Guidelines
A. Well Inspection 


1. Identify the correct well in the field using a well location map or identification tags.


2. Prior to opening the well, inspect the surface pad, bollards (if applicable), and stick-up or
flush-mount protective casing for cracks or damage.


3. Open the protective well cover and look for missing/damaged J-plug, lock, bolts, gasket, and
signs of rusting.


4. Note and remove standing water within the well basin.


5. Record observations on well inspection sheet (Groundwater Sampling Form).


B. Setup and Purging for Low flow sampling 







1. A table of well history information will be compiled and given to each field team member.
The table will contain the well ID, depth to bottom, screened interval, order to follow in
sampling the well (sampling tier) based on analytical result of last sampling event.


2. At the beginning of each day, calibrate all appropriate instruments according to
manufacturer's instructions and applicable SOPs. Record all calibrations in the field log book.


3. On arriving at the well location confirm that the well ID as indicated on the well label
matches the well ID in the Master Well Table and the map.


4. Record the well number, date, and weather condition in the field logbook, groundwater
sampling form and well observation form.


5. All sampling equipment, and any other equipment to be placed in the well, is cleaned and
decontaminated before sampling in accordance with SOP 13..


6. Water level measurements are collected in accordance with the project instructions.  For a
site-wide sampling event, synoptic water level gauging will be conducted before the start of
the sampling. Do not measure the Total Well Depth before sample collection, to prevent
disturbing accumulated sediment at the bottom of the well.  Obtain Total Depth information
from the well history information provided by the FTL prior to mobilization.


7. Measure polyethylene tubing equivalent to the Total Depth of well plus seven feet.


8. Attach and secure the tubing to a low-flow pump.  If volumetric purging is required, skip to
Section B below.  Lower the tubing (or submersible pump) slowly into the well and set it at
approximately the middle of the screen (check table provided by FTL).


9. Insert the measurement probes into the flow-through cell.  The purged groundwater is
directed through the cell, allowing measurements to be collected before the water contacts
the atmosphere. Do not allow the flow-thru cell to sit in the sun or near a heat source, as it
will skew the measurements.


10. Start purging the well at 0.1 to 0.5 liters per minute.  Avoid surging.  The initial field
parameters of pH, specific conductance, and dissolved oxygen are measured and recorded
on the field sheet provided. See attached Groundwater Sampling Procedure Flow Chart.


11. The water level should be monitored during purging.  As directed in the USEPA guidance for
low flow purging, the purge rate should equal the well recharge rate closely enough so that
there is less than 4-inches of drawdown.  The water level should stabilize for the specific
purge rate.  There should be at least 1 foot of water over the pump intake so there is no
entrainment of air in the sample.  If static water level is below top of screen, notify the FTL.


12. Record any adjustments in the purge rate and changes in depth to water on the sampling
form and in the logbook.  Purge rates should, if needed, be decreased to the minimum
capabilities of the pump (0.1- to 0.2-liter per minute) to avoid affecting well drawdown.


13. If purging induces drawdown greater than 4 inches:  purging and sampling can continue if
drawdown can be maintained at less than 7 inches with the water table still above the
screened interval. This is a variance in procedure that should be reported to the FTL before
continuing with the purging.


14. During purging, the field parameters are measured every 3-5 minutes until the parameters
have stabilized.  Field parameters are considered stabilized when three consecutive
measurements meet the following criteria:







• pH: within 0.1 pH units 
• Specific conductance: within 3 percent 
• Dissolved oxygen: within 10 percent 
• Oxidation Reduction potential (ORP): within 10 mV 
• Turbidity: should be less than 50 NTUs if possible 


In addition to meeting the above criteria, measured groundwater parameters must also be within 
the range specified on the groundwater sampling form. Notify the FTL if any of the measured 
groundwater parameters are outside the specified range. 


If any of the criteria outlined above for the low flow purging technique is not satisfied or there are 
observable air bubbles trapped with the groundwater flowing through the tubing, the well should be 
sampled following volumetric well sampling procedure. 


Groundwater samples can be collected from the well when three of the four groundwater 
parameter listed above stabilized with the established criteria. 


C. Setup and Purging for Volumetric sampling Method. 


A well that does not meet the criteria for low flow sampling will be sampled by volumetric method 
following the steps below: 
Setup 


1. Same as step 1 through 8 outlined in the low flow method 


2. Measure total depth of well 


3. Calculate volume of water standing in the well by the following formulas: 


a. 1.25-inch diameter well : 0.06 gal/ft x ___ (linear feet of water ) = gallons 
b. 2-inch diameter well: 0.16 gal/ft x ___ (linear feet of water ) = gallons 


4. Purge the 3X volume calculated above from the well (the pump may be set at a higher 
pumping rate to achieve this) 


5. During purging, the field parameters should be measured and recorded every half well 
volume purged (if possible i.e. there is enough time to record parameters during half well 
volume purge). If parameters do not stabilized after 3 well volumes, continue purging until 5 
well volumes has been removed or parameters have stabilized (whichever is first) 


6. If  one volume is so little such that it is not practicable to record parameter at half well 
volume, record parameter as often as possible during the well purge  


7. When the required purge volume has been attained or parameters stabilized, take one final 
reading then turn down the pump rate as low as possible to produce a continuous stream of 
flow and collect the ground water sample following the steps in section C of this procedure. 


D. Dry Well 


If a monitoring location is purged dry, then it is necessary to collect samples as soon as there is 
sufficient amount of water. Sample collection should be attempted at least every 24 hours with the 
intervening time be consistent from event to event. 
E. Sample Collection 


Once purging has been completed, the well is ready to be sampled.  The elapsed time between 
completion of purging and collection of the groundwater sample from the well should be minimized.  







Typically, the sample is collected immediately after the well has been purged. If there is not enough 
water in the well to sample immediately after the purge, well may be left to allow for enough water 
to collect in the well before collecting samples. 
Samples will be collected in containers that are appropriate to the respective analysis and that have 
been cleaned to laboratory standards. Do not use a sample bottle that has been previously opened.  
Each bottle will typically come from the lab already prepared with the appropriate preservative, if 
any.   
The following information, at a minimum, will be recorded on the Groundwater Sampling Forms: 


1. Sample identification (site name, location, project number, sample name/number and
location, sample type and matrix, whether the sample is filtered or not, time and date, 
sampler's identity) 


2. Sample source and source description (e.g. Monitoring well, process well or NPDEs outfall)


3. Field observations and measurements (appearance, volatile screening, field chemistry,
sampling method), volume of water purged prior to sampling, number of well volumes
purged, and field parameter measurements


4. Record in the field logbook the final water stabilization parameters, as well as sample name
and time of collection


The steps for sample collection are as follows: 


1. Reduce the pumping rate to approximately 100 ml per minute when sampling for VOCs


2. The cap is removed from the sample bottle, and the bottle is tilted slightly.


3. Disconnect the pump outlet from the flow through cell. Never collect samples through a
flow-thru cell.


4. The sample is slowly discharged from the pump so that it runs down the inside of the
sample bottle with a minimum of splashing.


5. VOA vials are filled to overflowing and capped. Once capped, turn the bottle over and tap
lightly to see if any bubbles are inside. If any bubbles are present, the vial should be
discarded and new sample taken in a new vial.


6. If a sample cannot be obtained without air bubbles due to offgassing, then the presence of
air bull should be noted on the field log book and sampling form.


7. The bottle is capped then labeled clearly following the procedures in SOP 11- Sample
Handling and Chain-of-Custody Procedures


8. Samples are placed in appropriate containers and, if necessary, packed with ice in coolers as
soon as possible.


9. Measure and record depth to bottom of the well. Notify the FTL if difference in depth
measured and depth indicated on the well history information form is greater than 0.5 feet.


F. Field Documentation (See SOP for Field Documentation) 


The following information specific to groundwater sampling, at a minimum, will be recorded on the 
Groundwater Sampling Form and in the log book: 


1. Field binders are provided by the task manager for each team members







2. Upon arrival at the Sampling Location, complete Well ID, Date/Time, Well Diameter, and 
Sampler (name) boxes. 


3. Obtain a PID reading immediately after removing well cap.  Record on appropriate space. 


4. Sample source and source description. 


5. Field observations and measurements (appearance, volatile screening, field chemistry, 
sampling method), volume of water purged prior to sampling, number of well volumes 
purged, and field parameter measurements. 


6. Section 1: Obtain depth to water measurement prior to sampling well (Box #2).  Collect total 
depth of well (Box #1) after sampling has occurred or from groundwater level measurement 
form completed before starting the sampling or from well history form if conducting 
volumetric sampling on the well. 


7. Section 2: Boxes #3 and #4 of this section are used only in case of volumetric sampling of a 
well occurs.  Follow the instructions as described in the field sheet to complete this section.  
If volumetric sampling does not occur, draw a single line in both boxes. 


8. Section 3: Record depth to water (DTW), Time, pH, Specific Conductivity, ORP and DO at a 
minimum of every 3-5 minutes. 


9. Once water parameters have stabilized (follow acceptable range and tolerance levels 
provided in field sheet), collect all the above parameters plus a final turbidity, and 
temperature readings. 


10. Section 4: Record purging equipment, flow rate and field parameter instruments used.  
Record volume purged (in gallons) after purging and sampling have finished 


11. Section 5: Write down the parent sample ID, time of collection (should match time as 
recorded both on vial label and COC), and analysis type (8260B for VOCs).  The same should 
be done for any duplicate or matrix spike/matrix spike duplicate samples.  If these samples 
are not collected, draw a single line covering all blank spaces. 


12. Remember to create a backup of the final water parameters prior to sampling, as well as 
sample name and time of collection in the logbook. 


13. If you run out of space on Section 3 before parameters stabilize, use another form to 
continue collecting readings. The header on the subsequent pages should also be completed 
with the well information but numbered as 2 of X, 3 of X….. where X is the total number of 
pages 


14. Well Observation Forms: Individual well observation to document the condition of the well 
during quarterly sampling is required by the Revised O&M Plan for the site. A Form has been 
developed for this purpose, and should be completed for each well sampled during the 
quarterly sampling event.  


15. All field forms are not considered complete unless all unused spaces have been canceled by 
drawing a single line or marked with “N/A”. 


V. Key Checks and Preventative Maintenance 
• The drawdown in the well should be minimized as much as possible (preferably no more than 4.0-


inches to 7.0-inches) so that natural groundwater-flow conditions are maintained as closely as 
possible. 







• The highest purging rate during low flow sampling should not exceed 1 liter per minute. This is to
keep the drawdown minimized.


• Overheating of the pump should be avoided to minimize the potential for losing VOCs through
volatilization.


• Keep the working space clean with plastic sheeting and good housekeeping.


• Maintain field equipment in accordance with the manufacturer’s recommendations.  This will
include, but is not limited to:


 Inspect sampling pump regularly and replace as warranted
 Inspect quick-connects regularly and replace as warranted
 Verify battery charge, calibration, and proper working order of field measurement equipment


prior to initial mobilization and daily during field efforts


______________________________________ ____________________ 


SOP Approval Signature Date 
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STANDARD OPERATING PROCEDURE 8 


Collection of Soil Gas Samples from Temporary 
and Permanent Probes Using Canisters 


Purpose and Scope 
This standard operating procedure (SOP) offers a practical approach for the collection of soil gas samples 
from temporary soil gas probes (for instance, Geoprobe Systems® direct-push system with post-run tubing 
[PRT] adapters or the AMS® Retract-A-Tip system), or from permanently installed soil gas probes, into 
SUMMA® (or equivalent) canisters. Soil gas sample integrity is verified by using a real-time leak-checking 
procedure before taking each sample. Verification must be done after probe installation and prior to 
sampling, as well as before each subsequent soil gas sample from permanent probes. This SOP should be 
used when its application is consistent with the project’s data quality objectives and in conjunction with SOP 
5, Installation of Permanent Soil Gas Sampling Probes. It is the responsibility of the project team to make 
sure this procedure meets all applicable regulatory standards and receives approval/concurrence from the 
leading regulatory agency for the project. Vapor intrusion subject-matter experts should be consulted as 
needed to address technical, regulatory, or field implementation issues associated with the use of this SOP. 
Only persons trained in the collection of soil gas samples should attempt this procedure. 


Equipment and Materials 
Typical equipment required includes the following: 


• Teflon® tubing 1/4-inch-outside-diameter (OD) sample tubing. Ensure there is enough tubing to use new 
tubing at each sample location. 


• Swagelok® 1/4-inch nut and ferrule sets for connecting the probe tubing to the sampling manifold (part 
#SS-400-NFSET). 


• The helium leak-check equipment (or equivalent), including the enclosure, helium cylinder (high-purity 
helium [no balloon helium]), and helium detector (Dielectric MGD is preferred). The enclosure may be 
provided by the driller or can be constructed from polyvinyl chloride pipe. The helium detector can be 
rented from an equipment rental company. 


• MultiRae® five-gas meter (optional if onsite atmospheric gas analysis is required). 


• Vacuum pump for purging with rotometer to control flow to 200 milliliters per minute (should be a 
Cole Parmer # R-79200-00 gray diaphragm pump or equivalent). 


• Electric supply for the pump (either generator or power inverter with adapter for car battery).  


• Sampling manifold consisting of Swagelok® gas-tight fittings with three valves and one vacuum gauge to 
attach the probe to the air pump and the sample canister (see Figure 1). The manifold must be clean, 
free of oils, and flushed free of volatile organic compounds (VOCs) before use; this is accomplished by 
flushing three or four volumes of purge gas (ultra-high-purity air or nitrogen) through the manifold and 
associated tubing. 


• Swagelok® valve (only necessary for extended sampling periods [that is, more than 30 minutes]) so that 
the sampling manifold can be disconnected without introducing indoor air into the probe) (part # SS-4P4T). 


• Wrenches (clean and free of contaminants), various sizes as needed for connecting fittings and making 
adjustments to the flow controller (if field-adjustable). A 9/16-inch wrench fits the 1/4-inch Swagelok® 
fittings, which most canisters and flow controllers have. 


ES110514203127MKE 1 







 


• Gas sampling bag (such as Tedlar® bag) (1-liter or 3-liter) to collect the purged soil gas, so the volume of 
purged soil gas can be measured and field screening with a photoionization detector (PID) or GEM2000® 
meter can be performed on the purged gas. 


• GEM2000® landfill gas meter—optional if field measurements of CO2, O2, or CH4 are necessary (aerobic 
biodegradation parameters typically measured for petroleum hydrocarbon sites). 


• MiniRae® PID meter for health and safety to ensure breathing zone VOC concentrations remain below 
levels specified by the health and safety plan. It is also optional to collect field measurements of total 
VOCs from the probe or purged soil gas; it may warn the laboratory if high concentrations are detected 
so they can dilute the sample before analysis. 


• Canister—stainless steel, polished, certified-clean, and evacuated. Canisters are typically cleaned, 
evacuated, and provided by the laboratory.  


• Flow controller or critical orifice, certified clean and set at desired sampling rate. These are typically 
cleaned, set, and provided by the laboratory. Soil gas samples are typically collected in 1- or 6-liter canisters 
at a flow rate of 200 milliliters per minute; however, lesser flow rates may be used in finer-grained soils. 


• Negative pressure (vacuum) gauge—oil-free and clean—to check canister vacuum. The vacuum gauges 
are typically provided by the laboratory. The laboratory may either provide one vacuum gauge to be 
used with all of the canisters, or a vacuum gauge for each canister to be left on during sample collection. 
Sometimes the canisters are fitted with built-in vacuum gauges that are not removable. Gauges sent by 
the laboratory are for field use only, and are an approximate measure of the actual vacuum. Regularly 
calibrated—and less rugged—vacuum gauges are used at the laboratory to measure vacuum before 
shipment and again after sample receipt. 


• A CH2M HILL-owned and -maintained PG5 Digital Pressure Gauge from Automation Products Group 
(APG) with National Institute of Standards and Technology (NIST)–traceable calibration certificate, or 
equivalent. The digital vacuum gauge will be used to check the initial and final negative pressures of 
the canisters. 


• Shipping container, suitable for protection of canister(s) during shipping. Typically, strong cardboard 
boxes are used for canister shipment. The canisters should be shipped to the laboratory in the same 
shipping container(s) in which they were received.  


Procedures/Guidelines 
1. Soil gas sampling should not be performed until 48 hours after a significant rain event (defined as more 


than 1 inch of rainfall). 


2. It is common practice to both install and remove soil gas probes by the direct-push method using 
equipment specifically designed for this purpose (Geoprobe® or equivalent drill rig). Operation of direct-
push machinery will be performed only by trained and licensed personnel. Soil gas probes can also be 
advanced with a hand tool method (such as the AMS® Retract-A-Tip system). The hand tool installation 
method is only applicable to relatively shallow sampling (for example, up to 10 to 15 feet below ground 
surface, depending on the soil type). 


3. Methane and CO2 can cause positive bias with a helium leak detector, if a helium leak-check procedure 
is used as detailed in this SOP. If methane or CO2 are expected or encountered at a site, then it may be 
necessary to explore different strategies to determine well integrity. 


4. The subsurface needs time to equilibrate after probe installation; 30 minutes for temporary probes and 
24 hours for permanent probes. 


5. Prior to attempting sampling of soil gas probes, there should be an understanding of subsurface 
conditions at the site, as follows: 
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5.1.  Depth to groundwater—Soil gas samples must be collected in the vadose zone (and above the 
capillary fringe).  


5.2. Soil permeability—It may not be feasible to collect soil gas from finer-grained or tight soils with 
little pore volume, such as clays; if there are clay layers present in the subsurface, the intervals 
should be avoided. For sampling in soils, using permanent soil gas probes with a wider borehole is 
recommended. Care should be taken during purging and sampling so that the vacuum in the 
sampling system never exceeds 7 inches of mercury (inches Hg) or approximately 100 inches water. 


System Setup 
1. Acquire all the necessary hardware and sampling equipment shown in Figure 1. Be sure to place the 


helium leak-check enclosure over the probe, remove the probe cap, and push the sample tubing through 
the hole in the enclosure cap before attaching the sampling manifold. It may be necessary to cut off the 
probe cap with tubing cutters if the hole in the enclosure cap is not large enough to accommodate the 
ferrule set. The nut and probe cap can be reused once sampling is complete. The ferrule set must be 
replaced. Do not connect the canister at this time. 


2. Adjust the purge system evacuation pump sampling rate to achieve the desired flow rate of 
200 milliliters per minute or less. Flow rate measurements should be performed at the outlet of the 
vacuum pump prior to purging, either by using a suitable flow meter or by determining the amount of 
time required to fill a 1-liter gas sampling bag.  


3. If the sample will be collected over a period of time more than 30 minutes a flow diversion valve (Swagelok® 
part# SS-4P4T) should be placed in-line between the probe and the manifold. Once purging has been 
completed, the flow diversion valve can be turned to the off position, allowing disconnection of the manifold 
and vacuum pump for use at another location, without the loss of purge integrity at the purged location. 


4. Sampling canisters are evacuated prior to shipment by the laboratory. The vacuum must be verified in 
the field with the APG Digital Pressure Gauge and the laboratory-supplied vacuum gauge, and must be 
properly recorded prior to use.  


5. Attach the air pump to the sampling manifold and the Tedlar bag to the air pump exhaust (see Figure 2). 
Do not attach the canister at this time.  


 
  


FIGURE 1 
Sampling Manifold 
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FIGURE 2 
Soil Gas Sampling System 
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Soil Gas Sampling System Leak Checking and Purging Procedure 
1. Physical Leak Check—Perform a leak check of the sample manifold system (see Figure 1): 


1.1. Make sure the gas probe valve (valve #1) is closed and the sample valve (valve #2) is open. 


1.2. Open the purge valve (valve #3) and start the vacuum pump. Verify that the flow is set to 
200 milliliters per minute. 


1.3. Close the sample valve (valve #2) and achieve a vacuum gauge reading of 10 inches Hg or to a 
vacuum that will be encountered during sampling, whichever is greater. 


1.4. A leak-free system will be evident by closing off the purge valve (valve #3), turning off the vacuum 
pump, and observing no loss of vacuum within the sampling manifold system for a period of 
30 seconds. Repair any leaks prior to sample collection by tightening the fittings on the manifold. 
Re-test to make the sure the manifold passes the physical leak check before proceeding. 


1.5. Record the leak check date and time on the soil gas sampling log.  


2. System Purge and Helium Leak Check—A purge of the soil gas probe and sampling manifold system is 
required before taking each sample. The helium leak-check procedure is also performed during this step. 
This helium leak check will verify the integrity of the sampling adapter (or PRT adapter if using the 
Geoprobe Systems® system) seal, as well as the probe and ground interface; this is accomplished by 
completing the following steps: 


2.1. Place the helium leak-check enclosure around the soil gas probe to achieve a buildup of helium in 
the leak-check enclosure. The enclosure should not be sealed tightly, and there should be an 
exhaust for the helium so pressure does not build up in the enclosure. Where the ground surface 
is soft, the helium leak-check enclosure is pressed down slightly into the ground surface. 
In situations where the ground surface is hard (for example, asphalt), apply a slight downward 
pressure to achieve a buildup of helium in the leak-check enclosure. 


2.2. Start the flow of helium under the leak-check enclosure at 200 milliliters per minute. Try to 
position the tube so the helium is directed at the interface between the probe and the ground. 
Let the helium fill the enclosure for a couple of minutes. 


2.3. Turn the helium leak detector on while in outdoor air and ensure that the detector is not reading 
any helium before proceeding. Verify that the helium concentration inside the leak-check 
enclosure is more than 10 percent by placing the probe of the helium detector into the hole 
where the sample tubing comes out or under the enclosure wall. It is not necessary to verify that 
the helium concentration is 100 percent, as this may damage the detector.  


2.4. Purging is carried out by pulling soil gas through the system at a rate of 200 milliliters per minute 
for a time period sufficient to achieve a purge volume that equals 3 to 5 dead volumes (internal 
volume) of the in-ground annular space, sample line, and sampling manifold system. When 
calculating the dead volume, be sure to take into account the inside diameter and length of the 
Teflon sample tubing, as well as the probe outside diameter and retraction distance for the 
annular space of temporary probes. For permanent probes, calculate the volume of the annular 
space using a nominal 30 percent porosity for the sand or glass bead pack. If, during the purge (or 
sampling), the vacuum exceeds 7 inches Hg, then reduce the pump flow rate. The system vacuum 
must stay below this level at all times to minimize the risk of inducing leaks or altering conditions 
in the subsurface. 


2.5. Open the sample valve (valve #2) and the purge valve (valve #3) and start the purge pump. Verify 
that the flow rate is still 200 milliliters per minute. 


2.6. To start the soil gas probe purge, simultaneously open the gas probe valve (valve #1) and close the 
sample valve (valve #2), and start timing.  
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2.7. If there is shallow groundwater in the area, carefully watch the tubing as the pump is turned on. 
If water is observed in the sample tubing, shut the pump off immediately. Soil gas collection will 
not be feasible if the probe is in contact with water. 


2.8. Connect the helium detector to the enclosure exhaust to confirm that helium is present in the 
enclosure during purging. It is optional to measure the helium concentration within the enclosure 
(see Step 2.12). Make sure that the helium detector is exposed to ambient air and “zeros out” 
before measuring the purged soil gas in Step 2.12.  


2.9. During the last 5 minutes of the purge (or the entire purge time if less than 5 minutes), attach a 
gas sampling bag to the purge pump exhaust and open the bag’s valve. This bag/sample will be 
used for analysis of helium using the leak detector. 


2.10. If the vacuum gauge reads more than 7 inches Hg during the purge, then close the purge valve 
(valve #3) and monitor the vacuum in the manifold and probe. If there is no noticeable change in 
vacuum after a minute, then there is an insufficient amount of soil gas to collect a sample and the 
vacuum is too great to collect a soil gas sample. Several factors can cause this situation, including 
the following (consult with the project manager and take corrective action): 


2.10.1.  The soil formation is too “tight” (that is, high clay or moisture content). Try using a lower 
flow rate (temporary or permanent probe). 


2.10.2. The soil formation is too tight. Try a different depth or location (temporary probe). 


2.10.3. With a temporary probe system, the expendable tip may not have released when the 
drive rod was retracted. Try retracting the probe a little further, or use a long, thin rod to 
poke the tip loose. 


2.10.4. If water is visible in the flexible soil gas tubing, stop the purging immediately. It is not 
possible to take a soil gas sample at that depth or location. 


2.11. At the end of the calculated purge time and after the system is verified to be leak free, close the 
purge valve (valve #3), close the valve to the gas sampling bag, and turn off the pump. Do not open 
the purge valve again. Doing so will result in loss of the purge integrity and will require re-purging.  


2.12. Attach the gas sampling bag to the helium detector using a piece of flexible silicone or rubber 
tubing and open the valve. The helium concentration in the purged soil gas must be less than 
1 percent of what it was in the helium enclosure during purging to pass the leak test (10,000 parts 
per million by volume [ppmv] if the helium concentration was 100 percent). Verify that the limit is 
consistent with appropriate project-specific regulatory guidance. Either (1) calculate what 
1 percent of the helium concentration was in the enclosure from the measured concentration in 
Step 2.3, or (2) use a limit of 0.1 percent (1,000 ppmv), which allows for a 10-times safety margin. 
If the probe fails the leak check, then corrective action is required; this includes first checking the 
fittings and connections and trying another purge and leak check. It may also be necessary to 
remove the soil gas probe and re-install it in a nearby location.  


2.13. Helium leak detectors may be sensitive to high concentrations of methane or other atmospheric 
gasses. If high concentrations are expected to be present in the soil gas, then caution should be 
used with this technique, as false positive readings may be encountered during leak testing. Use a 
GEM2000® landfill gas meter to determine if methane is present in subslab soil gas. 


2.14. At the end of the purge and after the system is verified to be leak-free, close the purge valve 
(valve #3). Do not open it again. Doing so will result in loss of the purge integrity and will require 
re-purging. Turn off the helium leak detector. 
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2.15. The purged subslab soil gas in the Tedlar bag can be screened with a GEM2000® landfill gas meter 
to get field measurements of CO2, O2, and CH4 and/or a MiniRae PID can be used to measure 
concentrations of total VOCs in the field. 


2.16. Record the purge and leak check information on the soil gas sampling log. 


2.17. Immediately move on to the sampling phase. Little to no delay should occur between purging 
and sampling. 


Sample Collection 
1. Clean sampling protocols must be followed when handling and collecting samples. The protocols require 


care in the shipping, storage, and use of sampling equipment. Cleanliness of personnel who come in 
contact with the sampling equipment is also important—for example: no smoking, eating, or drinking; 
no perfumes or deodorants; and no dry-cleaned clothing. Canisters should not be transported in 
vehicles with gas-powered equipment or fuel cans. Permanent markers should not be used for labeling 
or note-taking during sampling. 


2. The air sampling canisters are certified clean and evacuated by the laboratory to about 29 to 30 inches 
of Hg vacuum. Initial canister vacuums that are less than certified by the laboratory are a potential 
indication of leakage that could affect the accuracy of analytical results. Care should be used at all times 
to prevent inadvertent loss of canister vacuum. Never open the canister’s valve unless the intent is to 
collect a sample or check the canister vacuum with an attached gauge. 


3. Verify that the canister has sufficient initial vacuum for sampling. Measure the initial canister vacuum 
using an external vacuum gauge, as follows: 


3.1. Remove the protective cap from the valve on the canister. Make sure the canister knob is closed. 


3.2. Measure the initial canister pressure using a digital vacuum gauge with 0.25 percent accuracy at the 
-30 to 0 inches Hg range and NIST-traceable calibration for vacuum measurements. See the 
Technical Bulletin: Use of External Vacuum Gauges with Canisters for a recommended model of 
vacuum gauge1 for use with SUMMA® canisters used for vapor intrusion sampling. Open the 
canister knob and record the reading. Close the canister knob and remove the digital vacuum 
gauge.  


3.3. If using assigned analog vacuum gauges (one for each canister), attach the vacuum gauge to the 
canister, and then attach the flow controller.  


3.4. Do not sample using a canister without sufficient initial vacuum. Be advised that sampling data may 
be flagged or rejected from canisters with low initial vacuum (less than 28 inches Hg). Low initial 
vacuum could create a low bias in analytical results due to air leakage. While there is also a smaller 
risk that air leakage could introduce contaminants into the canister, the primary concern is the 
low bias to analytical results; this bias is within the range of analytical variability allowed with 
U.S. Environmental Protection Agency (EPA) Method TO-15 (±30 percent) for initial vacuums more 
than 24 inches Hg. The following table identifies the field team’s response based on the initial 
vacuum reading for a canister. In addition, the table also identifies the potential bias to results at 
different initial canister vacuums. 


1 A PG5 Digital Pressure Gauge from Automation Products Group (APG), Inc. ( http://www.apgsensors.com/products/pressure-sensors/digital-
pressure-gauges/pg5) with National Institute of Standards and Technology (NIST)–traceable calibration certificate, or equivalent, is recommended for 
making vacuum measurements. 
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3.5. Use the following table to determine when to use canisters based on initial vacuum readings. 


Initial Vacuum 
Reading 


Potential Error in 
Analytical Results Due to 


Leakage Field Team Response 


More than 30 to 
28 inches Hg 


Up to -10% error Use canister for sampling—no limitations on use.  


More than 26 to 
28 inches Hg 


Up to -21% error Use canister for sampling if necessary; replace canister with 
a spare if spares are available.  


More than 24 to 
26 inches Hg 


Up to -30% error Sampling with canister is not advisable. 


Contact project manager and obtain direction before 
sampling with this canister.  


Be advised that qualifiers may be applied to analytical 
results sampled with canisters with vacuums less than 
26 inches Hg. 


Less than 24 inches Hg Great than -30% error Do not use this canister for sampling. Analytical results will 
be rejected.  


 


4. Attach the canister to the flow controller and then connect the flow controller to the sample valve 
(valve #2) on the sampling manifold. Open the sample valve (valve #2). 


5. Before collecting the sample, confirm that the sampling system valves are set as follows: (1) the purge 
valve (valve #3) is confirmed to be closed; (2) the gas probe valve (valve #1) is open; and (3) the sample 
valve (valve #2) is open.  


6. Slowly open (counter-clockwise) the canister’s knob approximately one full turn. 


7. Each sampling canister that is left unattended should be clearly marked with a sign (Attachment 3) that 
includes contact information for a point of contact. The sign can be edited with project-specific 
information, laminated, and attached to each sampling canister using cable ties (do not attach the signs 
using adhesive tape). 


8. After sampling for the appropriate amount of time (determined from project instructions), close the 
sample valve (valve #2) and the canister’s knob. If the canister has a built-in or assigned vacuum gauge, 
allow the canister to fill until the vacuum reaches 2 to 10 inches Hg for 6-liter canisters and 2 to 
5 inches Hg for 1-liter canisters and record the final pressure. Remove the canister from the sampling 
manifold.  


9. Measure the final canister pressure using the same digital vacuum gauge used to measure initial canister 
pressure. Open the canister knob and record the reading. Close the canister knob and remove the digital 
vacuum gauge. 


10. If using a single laboratory provided external vacuum gauge, re-attach it, open the canister knob, and 
record the final vacuum. Close the valve, remove the gauge, and replace and tighten the cap on the 
canister. Ideal final vacuum in the canister is between 2 and 10 inches Hg. More than 10 inches Hg of 
vacuum can greatly increase reporting limits; however, a small amount of vacuum should be left in the 
canister so the laboratory can confirm that the canister was not opened during shipment.  


11. Consult with the project manager and the project-specific vapor intrusion senior technical consultant 
(STC) before submitting the sample to the laboratory if a final vacuum greater than 10 inches Hg, or less 
than 2 inches Hg are encountered.  
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Use the following table for guidance to determine how to address final vacuum measurements: 


Final Vacuum Reading Field Team Response 


Less than 2 inches Hg Contact the project manager and project vapor intrusion STC before submitting sample. 


Notify the analytical laboratory to report the laboratory-measured pressure and to get direction from 
the project manager before analyzing sample. 


More than 2 inches Hg 
and less than 10 
inches Hg 


Submit sample for analysis—no limitations on data use. 


More than 10 inches Hg Contact project manager and project vapor intrusion STC before submitting sample. 


Verify final vacuum with the analytical laboratory before analysis. 


 


12. Canisters with no vacuum left (that is, 0 inches Hg) should not be analyzed. Contact the project manager 
and project vapor intrusion STC before submitting a sample with a final vacuum of 0 inches Hg to 
determine the appropriate course of action. One option is to verify the final vacuum with the analytical 
laboratory. If there is vacuum remaining in the canister according to the laboratory vacuum gauge, the 
project manager and/or project vapor intrusion STC may direct the analytical laboratory to analyze the 
sample. 


13. The analytical laboratory should be directed to not analyze a sample showing a final vacuum of 
0 inches Hg (as measured by the laboratory), and to notify the project manager and obtain further 
guidance regarding that sample. 


14. Record the sampling date, times, canister identification (ID), flow controller ID, vacuum gauge ID(s), and 
any other observations pertinent to the sampling event on the soil gas sampling log. Also record the 
weather conditions (temperature, barometric pressure, precipitation, etc.) during sampling. 


15. Fill out all appropriate documentation (sampling forms, sample labels, chains of custody, sample tags, etc.). 


16. Disassemble the sampling system. 


17. For permanent probes, replace the probe cap and make sure it is securely in place. For temporary 
probes, remove the probe and abandon the bore hole. 


Altitude Correction 
1. Air pressure decreases with elevation. Therefore, a canister evacuated at a laboratory located at 


sea level will show a lower vacuum measurement at a higher altitude. Generally, a 1,000-foot rise in 
elevation corresponds to a 1-inch-Hg drop in pressure or a 1-inch-Hg decrease in measured vacuum. 
For example, a canister evacuated to 30 inches at sea level and used at 3,000 feet would show an initial 
vacuum of 27 inches Hg. 


2. If you plan to sample at altitude, be sure to inform the laboratory ahead of time so it adjusts the flow 
controllers accordingly. 


3. If sampling is being conducted at higher elevations, verify the elevation difference between the 
analytical laboratory and field location and determine the associated decrease in measured vacuum. 


4. Calculate the pressure difference between the laboratory and field location as follows: Difference from 
Sea Level (field) minus Difference from Sea Level (laboratory). Use the Altitude Correction Table 
(Attachment 2). 


5. Subtract the pressure difference determined in step 4 from allowable initial vacuum levels and final 
vacuum levels to determine appropriate initial and final vacuum levels. 
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Sample Handling and Shipping Procedure 
1. Fill out all appropriate documentation (chain of custody, sample tags) and return canisters and 


equipment to the laboratory.  


2. The canisters should be shipped back to the laboratory in the same shipping container in which they 
were received. The samples should not be cooled during shipment. Do not put ice in the shipping 
container.  


3. When packing the canisters for shipment, verify that the valve (just past finger-tight) and valve caps are 
snug (one-quarter turn past finger-tight), and use sufficient clean packing to prevent the valves from 
rubbing against any hard surfaces. Never pack the canisters with other objects or materials that could 
cause them to be punctured or damaged. Ensure that flow controllers and gauges are separately and 
adequately wrapped to prevent damage. 


4. Do not place sticky labels or tape on any surface of the canister. 


5. Place a custody seal over the openings to the shipping container.  


6. Make sure to insure the package for the value of the sample containers and flow controllers if corporate 
card policy does not cover the insurance. 


7. Ship canisters for overnight delivery. If sampling on a Friday, ensure the laboratory accepts samples on 
Saturdays (you do not want the canisters sitting on some loading dock [or worse] for 3 days). 


Quality Control 
1. Laboratories supplying canisters must follow the performance criteria and quality assurance prescribed 


in EPA Method TO-14/15 for canister cleaning, certification of cleanliness, and leak checking. Standard 
operating procedures are required. 


2. Laboratories supplying flow controllers must follow the performance criteria and quality assurance 
prescribed in EPA Method TO-14/15 for flow controller cleaning and adjustment. Standard operating 
procedures are required. 


Attachments 
1. Exterior Soil Gas Probe Installation and Sampling Log—Canister Method 
2. Altitude Correction Table 2. 
3. Soil Gas Probe Instalation Form 


 


 


 


 


 


______________________________________ ____________________ 


SOP Approval Signature Date 
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Attachment 1 
Exterior Soil Gas Probe Installation and 


Sampling Log—Canister Method


 











Sheet ___ of ___


Vapor Intrusion Best Practices
Exterior Soil Gas Probe Installation and Sampling Log - Canister Method


Project # :


Date:


Identification: 
Address:
Site Information:


Describe ground cover 


Depth to groundwater (feet below ground surface)


Describe vadose zone soil type(s) 


Was a soil boring log completed?              Was a probe diagram completed?


Soil Gas Probe Installation, Purging, Leak Checking, & Sampling Log


Field Analysis 
(optional)


Probe 
Installation


Canister 
Sampling


Manifold Leak 
Check


Probe Purge 


Helium Leak 
Check*


Weather conditions during sampling:


Observations and Comments:


REV. 2/20/15


* The soil gas probe passes the helium leak check if the detected helium 
concentration is less than 1,000 ppm (0.1%).  Do NOT collect a soil gas sample if 
the probe fails the helium leak test.


Final canister pressure 
(" Hg)Purge vacuum (" Hg)


Leak check (% or ppmv helium)


Sample completion 
date and timePurge start time


Purge rate (mL/min)


Sampler Name:


Depth of hole drilled (feet below 
ground surface)


Width of probe screen (inches)


Probe and Sample 
Identification (field ID)


Bottom of probe screen (feet below 
ground surface)


GEM2000 - CO2 (%)


Flow controller ID


Project Info


Project Name:


Site


GEM2000 - O2 (%)Sample location (describe and 
show in diagram)


Helium Conc. In Shroud (%)


Leak check (sampling manifold) - 
Pass/No Pass


Pressure gauge ID 
(optional)


Initial canister pressure 
(" Hg)


Dead volume - including screen, 
sand pack, and tubing (mL)


GEM2000 - CH4 (%)


PID - Total VOCs 
(ppmv)


Sampling rate or period 
(mL/min or hours) 


Sample start 
date and time


Canister ID


Length of probe screen (inches)


Purge completion time


Sampling vacuum 
(" Hg)


Date and time







Attachment 2 
Altitude Correction Table











 


ATTACHMENT 2 
Altitude Correction Table 


Elevation (feet) 
Pressure 


(inches Hg) 


Difference from 
Sea Level 


(inches Hg) Elevation (feet) 
Pressure (inches 


Hg) 


Difference from 
Sea Level 


(inches Hg) 


0 29.92 0 1500 28.37 1.553 


50 29.87 0.053 1550 28.32 1.603 


100 29.81 0.106 1600 28.27 1.653 


150 29.76 0.159 1650 28.22 1.703 


200 29.71 0.212 1700 28.17 1.753 


250 29.66 0.265 1750 28.12 1.803 


300 29.60 0.317 1800 28.07 1.853 


350 29.55 0.370 1850 28.02 1.903 


400 29.50 0.422 1900 27.97 1.953 


450 29.45 0.474 1950 27.92 2.002 


500 29.39 0.527 2000 27.87 2.052 


550 29.34 0.579 2050 27.82 2.101 


600 29.29 0.631 2100 27.77 2.151 


650 29.24 0.683 2150 27.72 2.200 


700 29.19 0.735 2200 27.67 2.249 


750 29.13 0.787 2250 27.62 2.298 


800 29.08 0.838 2300 27.57 2.347 


850 29.03 0.890 2350 27.52 2.396 


900 28.98 0.941 2400 27.47 2.445 


950 28.93 0.993 2450 27.43 2.494 


1000 28.88 1.044 2500 27.38 2.543 


1050 28.82 1.095 2550 27.33 2.591 


1100 28.77 1.147 2600 27.28 2.640 


1150 28.72 1.198 2650 27.23 2.688 


1200 28.67 1.249 2700 27.18 2.736 


1250 28.62 1.299 2750 27.14 2.785 


1300 28.57 1.350 2800 27.09 2.833 


1350 28.52 1.401 2850 27.04 2.881 


1400 28.47 1.452 2900 26.99 2.929 


1450 28.42 1.502 2950 26.94 2.977 


   3000 26.90 3.025 


Note: Use the following equation to calculate atmospheric for altitudes not shown on this table: 


P = Po exp (-35.523 × 10-6 y), where P is the pressure at the desired elevation, Po is the atmospheric pressure at sea level, and y is 
the desired elevation.  


Source: National Aeronautics and Space Administration (NASA). 1996. Elevation Correction Factor for Absolute Pressure 
Measurements. NASA Technical Memorandum 107240. 


 











 


Attachment 3 
Soil Gas Probe Installation Form


 











Air Testing in 
Progress


From ____________ to _____________


Please Do Not 
Disturb


Contact for Further 
Information:


Name: _______________________
Organization:_________________
Phone:_______________________







 


STANDARD OPERATING PROCEDURE 9 


Note-taking and Field Logbook 


Purpose 
The purpose of this standard operating procedure (SOP) is to delineate protocols for recording field and 
sampling information in a field logbook. 


Scope 
Data generated from the use of this SOP may be used to support site characterization, risk assessment, and 
evaluation of remedial alternatives. 


Equipment and Materials 
• Field logbook 
• Indelible black ink pen 
• Write-in-the-rain pen (for extreme weather conditions—cold/rain) 


Procedures and Guidelines 
All information pertinent to a field or sampling effort will be recorded in a bound field logbook that will be 
initiated at the start of the first onsite activity. The field logbook will consist of a bound notebook with 
consecutively numbered pages that cannot be removed. The outside front cover of the logbook will contain 
the project (site) name and the specific activity (for example, supplemental remedial investigation). The 
inside front cover will include the following: 


• Site name and U.S. Environmental Protection Agency work assignment number 
• Project number 
• Site manager’s name and mailing address 
• Sequential logbook number 
• Start date and end date of logbook 


Each page will be consecutively numbered, dated, and initialed. All entries will be made in indelible black 
ink, and all corrections will consist of line-out deletions that are initialed and dated. If only part of a page is 
used, the remainder of the page should have an “X” drawn across it. At a minimum, entries in the logbook 
will include the following: 


• Time of arrival and departure of site personnel, site visitors, and equipment 


• Instrument calibration information, including make, model, and serial number of the equipment 
calibrated 


• Description of significant activities for the day 


• Documentation of photographs taken during field activities (for example, date, time, and description 
of photograph) 


• Field observations (for example, sample description, weather, unusual site conditions or observations, 
sources of potential contamination, etc.) 


• Detailed description of the sampling location, including a sketch when necessary 


• Details of the sample site (for example, coordinates [x, y], water elevation [z], casing diameter and 
depth, integrity of the casing, etc.) 


• Sampling methodology and matrix, including distinction between grab and composite samples 
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• Names of field team members and subcontractors 


• Start or completion time of sample collection activities 


• Field measurements (for example, water depths and sediment probe depths) 


• Type of sample (for example, sediment, groundwater, surface water, soil, and debris) 


• Number, depth, and volume of sample collected 


• Field sample number 


• Requested analytical determinations 


• Sample preservation 


• Quality control samples associated with the sample 


• Sample shipment information including chain-of-custody form number and laboratory, carrier, date, 
and time  


• Health and safety issues (including level of personal protective equipment) 


• Signature and date by personnel responsible for observations 


Sampling situations vary widely. No general rules can specify the extent of information that must be entered 
in a logbook. However, records should contain sufficient information so that someone can reconstruct the 
sampling activity without relying on the collector’s memory. The field team leader will keep a master list of 
all field logbooks assigned to the sampling crew. 


Key Checks and Items 
None. 
 
 
 
 
 


 


______________________________________ ____________________ 


SOP Approval Signature Date 
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STANDARD OPERATING PROCEDURE 10 


Utility Clearance for Intrusive Operations  


Purpose 
This standard operating procedure (SOP) describes the utility mark-out/clearance process to be followed 
prior to completing any intrusive subsurface activities.  


Scope and Applicability 
This document describes the utility mark-out/clearance process to be followed by CH2M HILL prior to any 
intrusive activities. The document discusses steps that must occur prior to mobilizing and steps that must 
occur during intrusive work. 


This document should be reviewed by the field project team prior to working in the field. In addition, the 
document should be used to develop scopes of work for utility clearance subcontractors. 


Procedures/Guidelines 
Prior to Mobilizing to the Field 
Prior to mobilizing to perform intrusive work, the state one-call center must be called and utility companies 
must mark out the utility lines.  


Public Utilities 
The state one-call center must be called prior to any intrusive work. The following general information must 
be provided during the call: 


• Your name, company, address, and phone number where you can be reached, and the company doing 
the digging.  


• The name and phone number of the site contact.  


• The county and city or county and unincorporated area of the township of the excavation.  


• The location of the intrusive work, which may include, but not be limited to, address, cross street, lot 
numbers, etc. At least one of the following must be provided: (1) appropriate section and quarter 
section grid information; (2) sufficient address or descriptive information to allow the establishment or 
drawing of a dig site polygon; (3) sufficient address, street, and cross-street information to allow for the 
determination of the appropriate section and quarter section grid(s); or (4) global positioning system 
coordinates.  


• The start date and time the planned activities. 


• If subcontractors are responsible for the utility locate proper documentation must be received from 
them prior to the start of intrusive activities and placed in the project folder.  


While on the phone with one-call, the following information should be collected and documented in the 
project files: 


1. Members Notified. The identity of one-call members notified will be provided to the caller. Retain a 
copy in the project files and keep it onsite while intrusive work is being performed. 


2. Case Reference Number. An identification number associated with the call should be retained for future 
reference, if needed. Retain a copy in the project files and keep it onsite while intrusive work is 
being performed. 


ES110514203127MKE 1 







 


The site safety coordinator should retain a copy in the project records and keep it onsite while intrusive 
work is being performed. 


All public utilities in the area where intrusive work is to be performed should be marked out on the ground 
by the utility locator using the American Public Works Association (APWA) Uniform Color Code  
(Attachment 1).  


Utility locates are good for 21 calendar days, including the day the call was made. Extended tickets are 
available and will be extended, and one-call must be notified if extended tickets are needed.  


Private Utility Clearance 
Private utilities must be cleared as follows: 


1. The location(s) where intrusive work will occur should be identified during a site visit with the designated 
utility locator. The proposed areas where intrusive work will be performed should be premarked by 
CH2M HILL before this site visit. It is important to take access issues into consideration while premarking.  


2. The utility locator should clear an area for intrusive work. Additional area (if possible) to be cleared by 
the utility locator is based on the work to be performed.  


3. The area that is cleared by the utility locator for intrusive work should include the marking of all utilities 
in the immediate area (at least a 10-foot buffer around the cleared area) using orange spray paint. If it is 
not possible to mark utilities, then a figure should be provided that will show the field team exactly 
where the utilities are located.  


4. Record the name and telephone number of the representative conducting the utility clearances. 


5. The utility clearance is applicable for a 30-day period. Any intrusive work conducted after this 30-day 
period requires a new utility clearance.  


Prior to Intrusive Work 
The following should be completed before commencing intrusive work: 


1. Verify that all public utility companies have identified the presence of utilities with marking paint or 
have provided a response back indicating the absence of utilities in the area. To verify what the utility 
markings on the ground indicate, use the color code in Attachment 1 (for public utilities). If utilities have 
not been marked or a negative response has not been confirmed, do not perform intrusive work in that 
area. Contact one-call and alert them of the situation.  


2. Review the utility clearance documentation with the subcontractor during the tailgate meeting. 


3. Use other methods to identify utilities if there are numerous utility lines around the area and/or lines 
that cannot be clearly located where intrusive work is to be performed. If possible, hand-digging or 
hand-augering will be performed down to 5 feet below ground surface. Another method would involve 
the use of an air knife to bore 5 feet below ground surface with the use of high pressure air that would 
not damage any utilities encountered.  


4. Intrusive work can only be performed in the cleared area. If intrusive work needs to be performed outside 
of the cleared area, the appropriate utility locator(s) must clear the new location. If the new area cleared 
involves private utilities, an addendum to the initial utility clearance signoff sheet should be provided.  


5. While performing intrusive work, monitor for signs of an encounter with a utility line. These signs 
include encountering fill material such as gravel, sand, or other fill material; warning tape; plastic; or 
metal. If it is believed that a utility was struck stop work, call the appropriate personnel, and document 
in the field book. 
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6. If refusal occurs while boring and it is believed not to be related to a utility, then advancement will be 
tried up to two more times within cleared area (only applies to locations where the boring and a 3-foot 
radius was cleared). If the same refusal is observed, then the location will be abandoned.  


 


 


 


 


 


 


______________________________________ ____________________ 


SOP Approval Signature Date 
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Attachment 1 
APWA Uniform Color Code


 











 


Attachment 1 


 


 







 


STANDARD OPERATING PROCEDURE 11 


Sample Handling and Chain-of-Custody Procedure 


Purpose 
The purpose of this standard operating procedure (SOP) is to provide a definition of “custody” and describe 
protocols for documenting the transfer of custody from one party to the next (for example, from the site to 
the laboratory). A documented custody trail is established through the use of sample tags and a U.S. 
Environmental Protection Agency (EPA) chain-of-custody form that uniquely identifies each sample 
container, and who has possession of it from the sample’s origin to its final destination. The chain-of-
custody form also describes the sampling point, date, time, and analysis parameters.  


Scope 
Sample personnel should be aware that a sample is considered to be in a person’s custody if the sample 
meets the following conditions:  


• It is in a person’s actual possession 
• It is in view after being in a person’s possession 
• It is locked up so that no one can tamper with it after it has been in physical custody 


When samples leave the custody of the sampler, the cooler must be custody-sealed and possession must 
be documented. 


Data generated from the use of this SOP may be used to support the following activities: site characterization, 
risk assessment, and evaluation of remedial alternatives. 


Equipment and Materials 
• Computer with Scribe software loaded 
• Laser printer with paper (8.5- × 11-inch) and ink cartridge (black) 
• EPA Region 5 Sample Tag  
• Scribe generated tag label (2- × 4-inch adhesive labels) 
• Indelible black ink pen 
• Bubble wrap 
• 2-gallon Ziploc bags for ice 
• Packing/strapping tape 
• Custody seals 


Procedures and Guidelines 
Chain-of-Custody Forms 
The chain-of-custody form (see Attachment 1 for example) must contain the following information: 


• Case Number/Client Number: If a Contract Laboratory Program (CLP) laboratory is used, enter the case 
number provided by EPA’s Regional Sample Control Center Coordinator. If the CLP is not used, enter the 
SAS number provided by CH2M HILL’s sample and analytical coordinator.  


• EPA Region: Enter Region “5”. 


• Site Name/State:  


• Project Leader: Enter the CH2M HILL site manager’s name. 


• Action: “Remedial Investigation” 
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• Sampling Co.: “CH2M HILL” 


• Sample No.: This is the unique number that will be used for sample tracking. For CLP, this number is 
taken from a block of numbers assigned by the EPA Regional Sample Control Center Coordinator. For 
non-CLP, the CH2M HILL sample and analytical coordinator will assign the number.  


• Matrix: Describes the sample media (for example, “Sediment”). 


• Sampler Name: The name of the sampler or sample team leader. 


• Concentration: Low (L), Low/Medium (M) or High (H). 


• Sample type: “Grab” or “Composite” 


• Analysis: This indicates the analyses required for each sample. 


• Tag No.: This number appears on the bottom of the sample tag and includes a prefix (“5”) followed by a 
series of numbers. The entire number must appear on the chain-of-custody form. 


• Preservative: Document what preservative has been added to the sample (for example, “HCl,” “Ice 
Only,” “None”). 


• Station Location: This is the CH2M HILL Station Location Identifier. 


• Sample Collect Date/Time: Use military time. 


• QC Type: This is for field quality control (QC) only, and includes field duplicates. 


• Date shipped: The date that samples are relinquished to the shipping carrier. 


• Carrier Name: (for example, “FedEx”) 


• Airbill: Air bill number used for shipping. 


• Shipped to: This is the laboratory name and full address, including the laboratory contact. If the contact 
is not known, use “Sample Custodian”. 


• Chain-of-Custody Record fields: The sampler’s signature must appear in the “Relinquished By” field. 
The date and time (military time) must also be included.  


• Although the samples are “relinquished” to the shipping carrier, the shipping carrier does not have 
access to the samples as long as the shipping cooler is custody sealed. Consequently, the shipping carrier 
does not sign the chain-of-custody form. 


• Sample(s) to be used for laboratory QC: This identifies which samples are to be used for matrix 
spike/matrix spike duplicate analyses. 


• Indicate if shipment for case is complete: USE “Y” OR “N”. 


• Chain-of-Custody Seal Number: Record the custody seal numbers that appear on the Region 5 custody 
seals that can be found on the shipping container. There is usually a minimum of two per shipping 
container. 


Sample Tags 
Each sample container will be identified with a uniquely numbered sample tag (see Attachment 1 for 
example) issued by EPA Region 5. Each tag will contain the following information: 


• Case/SAS number 
• The unique sample number for sample tracking  
• CH2M HILL station location (that is, the sample identifier)  
• Date of sampling 
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• Time the sample was collected (in military time) 
• All parameters for which the sample will be analyzed  
• Preservative used (if any) 
• Sample type (grab or composite)  
• Sample concentration (low, medium, high) 
• Sample matrix (soil, etc.) 
• The signature of sample team leader 
• Identification when sample is intended to be used by the laboratory for matrix spike/matrix spike 


duplicate 


Key Checks and Items 
1. All sample containers must be properly tagged. 


2. Each cooler must have a chain-of-custody form and the samples in the cooler (as identified by the 
sample tags) must match what is on the chain-of-custody form. 


3. Each chain-of-custody form must be properly relinquished (signature, date, time). 


4. The custody seal numbers must be written on each chain-of-custody form. 


5. The shipping cooler must be custody sealed in two places: front and back. 


6. Chain-of-custody forms will be completed with required sampling information, and recorded 
information will match the sample tags. 


7. If the designated sampler relinquishes samples to other sampling or field crew members for packing or 
other purposes, the sampler will complete the chain-of-custody form prior to this transfer. 


8. Appropriate personnel will sign and date chain-of-custody forms to document the sample custody 
transfer. 


9. Original chain-of-custody forms will be placed in Ziploc bags and will accompany the shipment; copies 
will be retained by the sampler for sampling records. 


10. If samples are sent by common carrier, bills of lading will be used. Receipts or bills of lading will be 
retained as part of the permanent project documentation. 


11. Commercial carriers will not be required to sign off on chain-of-custody forms as long as the forms are 
sealed inside the sample cooler and the custody seals remain intact. 


12. Packaging, marking, labeling, and shipping of samples will comply with the regulations promulgated by 
the U.S. Department of Transportation in the Code of Federal Regulations (49 CFR 171-177). 


Attachment 
Attachment 1: Quick Guide to Using Scribe 
 


 


 


 


______________________________________ ____________________ 


SOP Approval Signature Date 
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Quick Guide to Using Scribe


 











 


ATTACHMENT 1 


Quick Guide to Using Scribe  
The following is a step-by-step guide for preparing and shipping samples to the CLP laboratory 
using Scribe.  
 
Setting up Event 
 
1) Open the Scribe Program. 


a) The program normally opens to the last project you were working.  
b) If the program does not open to the correct project file, go to: 


i) File 
ii) Open Project 
iii) Select “XXX.MDB” 


2) Select “EVENTS” on the left bar under “Planning” 
3) Select “ADD” from the top bar. 
4) Fill in the event information and click “SAVE” at the bottom.  
5) Go to “ANALYSES” on the left bar under “Planning” 


a) Scroll down to the analyses you need and input the TAT. Note that you need to input both 
the number and the units! (ex: 35 in the first column and days in the second column). 


6) Your lab may not be saved into the system yet. Go to “LAB LIST” on the left-hand bar. If you do 
not see your lab, click “add” and put in the lab information.  


 
Inputting Samples 
 
1) Go to “Soil/Sediment” on the left hand bar under “Sampling” 
2) Choose “Add” on the bottom bar of the screen. 
3) Fill in your sample information (See Figure 1).  
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Figure 1. Adding a sample to the database.  
 
 


4) Once you are done entering your information, click the “Analysis” tab (orange circle in Figure 1).  
5) For your FIRST sample, you need to update your tag settings. After you do this, if all of your 


tags are in sequential order, you will not need to change this again. 
a) Click on “CLP/Tag” settings on the bottom bar of the screen.  


i) Update information to include the next tag number and make sure that the following 
boxes are checked: 
(1) Assign numeric tag numbers. 
(2) Use region number to prefix tag numbers of the COC. 


ii) Update the Case # for CLP. 
 


See Figure 2.  


Using the pull-down menu, choose your event. 
Once you change this, all subsequent samples 
should revert to this Event ID. 


Sample # and 
Location 
MUST 
MATCH. Best 
to copy and 
paste.  


Enter: Sample Date, Sample Time, Sampler (you).  


This should 
be “soil” or 
“water for EB 


“composite” 
for soil or 
“grab” for EB 


Field Sample, 
Field 
Duplicate, or 
Equipment 
Blank 


I usually enter our field sample ID here: MIAXXX-DW1-06 


Enter depth 
and units.  
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Figure 2. Tag settings 
 
6) Now it’s time to enter your analysis (Figure 3). Note: Even though we have two containers for 


each sample ID, you still only want to state that you have 1 sample because each sample has 
its own tag number. You need to fill out all field below (tag number will automatically update) 
except for Description. FILL IN THE CLP SAMPLE # AND MAKE SURE IT IS ALSO 
PRESENT ON YOUR LABELS.  


7) When you have finished filling out the information, highlight the row and click “COPY 
ANALYSES” on the bottom bar of the screen. This will allow you to have 2 tag numbers for 2 
jars under the same sample ID.  


 


 
Figure 3. Filling out your analysis details.  
 
8) Repeat steps 1–7 in the “Inputting Samples” section of this quick guide until all your samples 


have been entered. It is okay if you plan on shipping in different coolers, you do not have to 
decide anything yet. You are simply setting up your sample database.  


 
Helpful Hints: 
 


� Having trouble finding something in the “summary” view? Try changing which columns you 
can view. Go to “view” and then “select columns”. This makes your QC a bit easier.  


� Your most recent addition will be listed on the top row. Want to change your samples in 
sequential order by sample number? Use the sort function on the top bar and chose how 
you want to sort your samples. 
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� Have too many samples listed on the screen that aren’t part of your event? Use the filter 
function on the top bar of the screen. Best bet is to filter for your Event ID.  


 
Printing Labels 
 
1) From the left-hand bar, choose “SAMPLES” under “SAMPLE MANAGEMENT” 
2) Filter by date or analysis. 
3) This is a great time to QC your work.  
4) Once you have finished your QC, you are ready to print labels! 
5) Sort your samples by tag # by right-clicking the “Tag” column and sort by ascending (this will 


make it easier to apply your stickers).  
6) Highlight the rows you wish to print. 
7) Click “PRINT LABELS” on the bottom of your screen. 
8) Choose “LABEL SETUP” 
9) System is already set up for our 5160 label 
10) Select “NEXT” and you will see the label setup. Your label should include: 


a) CLP Sample # 
b) Tag # 
c) Location 
d) Preservative 
e) Analysis 
f) Date: 
g) Time: 


11) Choose which label number you wish to start with, if you have a full/blank sheet of labels you 
will choose Label #: 1 


12) “FINISH” 
13) You can print this to stick-on labels or to standard paper and cut-and-paste to tags.  
14) Print two sets of stickers (one for tags and one for jars). 
 
The Chain of Custody 
 
1) Make sure you have printed your air bill, you will need the information for the COC.  
2) From the left-hand bar, choose “CHAIN OF CUSTODY” under “SAMPLE MANAGEMENT” 
3) Choose “ADD A CHAIN OF CUSTODY” from the bottom bar on the screen. 
4) Fill out all the information (Figure 4).  
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Figure 4. Filling out the COC information.  
 
5) Click “ASSIGN SAMPLES TO COC” 
6) You are now brought back to your samples screen 
7) Filter for your Event ID 
8) If you are shipping more than one cooler with the samples listed, filter further by filter for your 


sample ID. Double check that the correct samples are listed. 
9) Highlight the samples you wish to add to the COC.  
10) Click “ASSIGN to COC #” on the bottom bar of the screen.  
Final Paperwork 
1) Print your COCs. From the same screen you were on at the previous step, you should see 


“PRINT CHAIN OF CUSTODY” at the bottom of the screen. If you do not, go to “CHAIN OF 
CUSTODY” under “SAMPLE MANAGEMENT” and double click on the row with your COC#. 
a) Go to report setup and print the lab copy.  
b) Repeat the process for the region copy (Note: the Region copy does not go in the cooler. At 


the end of the sampling event it is sent to Kaitlin Ma/MKE for submittal to EPA.) 
2) Exporting your .XML File 


a) From the top bar on the screen choose “EXPORT” 
b) Choose “COC XML File” (the bottom option). This then gets uploaded to the “SMO WEB 


PORTAL”


Do not change 
COC # 


Optional 


For CLP: 
Enforcement 
site: TGB 102 
Gen. Remedial 
site: TFA 102 
 


 FOR CLP, THIS 
MUST BE 
FILLED IN 


FOR NON-CLP THIS 
MUST GET CHANGED 
TO CLP GENERIC! 


Sample / PM / 
FTL information 


Click this for your 
final shipment 


Once you 
choose the lab, 
everything will 
self-populate 


Fill out based 
on your air bill 


Only fill this out if you truly have special instructions. For lead sampling I usually state 
“sieve using #60 mesh” 
Add EPA Custody Seal numbers 
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STANDARD OPERATING PROCEDURE 12 


Packing and Shipping of Environmental Samples 


Purpose 
The purpose of this standard operating procedure (SOP) is to delineate protocols for the packing and 
shipping of samples to the laboratory for analysis. 


Scope 
This SOP is applicable for all samples collected and prepared for analysis at an offsite laboratory. 


Equipment and Materials 
• Waterproof hard plastic coolers 
• Resealable plastic bags 
• Plastic garbage bags 
• Absorbent packing material (not vermiculite) 
• Inert cushioning material (not vermiculite) 
• Ice 
• U.S. Environmental Protection Agency (EPA) Region 5 sample tags 
• Scribe software  
• Laptop and printer 
• Adhesive labels 2 by 4 inches (generated by Scribe software) 
• Chain-of-custody forms (generated by Scribe software) 
• EPA Region 5 custody seals 
• Air bills and shipping pouches (or example, Federal Express) 
• Clear tape 
• Strapping tape 
• Mailing labels 


Procedures and Guidelines 
Prepare Bottles or Bags for Shipment 
1. Arrange sample containers in groups by sample number. 
2. Check that sample container lids are tight. 
3. Secure appropriate EPA Region 5 sample tags around lids of container with string or wire. 
4. Arrange containers on ice in assigned coolers. 
5. Affix appropriate adhesive labels to each container.  
6. Enclose each sample in a clear, resealable plastic bag, making sure that sample labels are visible. 


Prepare Coolers for Shipment 
1. Tape drains shut, inside and out. 


2. Affix “This Side UP” labels on all four sides and “Fragile” labels on at least two sides of each cooler. 


3. Place mailing label with laboratory address on top of the coolers. 


4. Place inert cushioning material (for example, bubble wrap, preformed poly-foam liner) in the bottom of 
the cooler. Do not use vermiculite. 


5. Place appropriate chain-of-custody records with corresponding custody seals on top of each cooler. 
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6. Double-bag and seal loose ice in resealable, plastic, zip top bags to prevent melting ice from leaking and 
soaking the packing material. Place the ice outside the garbage bags containing the samples. Place 
sufficient ice in cooler to maintain the internal temperature at 4±2 degrees Celsius during transport. 


7. Put an absorbent pad in the bottom of the cooler and fill the cooler with enough packing material to 
prevent breakage of the sample bottles and to absorb the entire volume of the liquid being shipped 
(offsite sample shipment only). 


8. Record the EPA Region 5 custody seals on the chain-of-custody forms. Sign each chain-of-custody form 
(or obtain signature) and indicate the time and date the cooler was custody sealed.  


9. Seal the laboratory copies of the chain-of-custody forms in a large resealable plastic bag and tape to the 
inside lid of the cooler. Retain the Region 5 copies of the chain-of-custody forms for return to EPA. Each 
cooler must contain a chain-of-custody form (or forms) that corresponds to the contents of the cooler. 


10. Close lid and latch. 


11. Peel custody seals carefully from backings and place intact over lid openings (right front and left back). 
Cover seals with clear protection tape. 


12. Tape cooler shut on both ends, making several complete revolutions with strapping tape. Do not cover 
custody seals. 


13. Relinquish to carrier (for example, Federal Express). Place air bill receipt inside the mailing envelope and 
send to sample documentation coordinator, along with the other documentation. 


Key Checks and Items 
None. 


 


 


 


 


 


 


______________________________________ ____________________ 


SOP Approval Signature Date 
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STANDARD OPERATING PROCEDURE 13 


Equipment Decontamination Procedures 


Purpose 
The purpose of this standard operating procedure (SOP) is provide general guidelines for the 
decontamination of personnel, sampling equipment, and monitoring equipment used in potentially 
contaminated environments. 


Scope 
This SOP is a general description of decontamination procedures. 


Equipment and Materials 
• Distilled or deionized water 


• 2.5 percent (W/W) Alconox, Liquinox, or equivalent phosphate-free detergent and water solution 


• Large plastic pails or tubs for Alconox, Liquinox, or equivalent and water, scrub brushes, squirt bottles 
for detergent solution, resealable plastic bags, paper towels, and sheets 


• 55-gallon drum for disposal of waste, approved by the Department of Transportation (DOT) 


• Un-powdered chemical-resistant gloves (that is, nitrile gloves) 


• Aluminum foil  


Procedures and Guidelines 
Personnel Decontamination 
The following procedures are to be performed after the completion of tasks whenever the potential for 
contamination exists, and also upon leaving the exclusion zone: 


1. Wash boots in detergent solution, and then rinse with water. If disposable latex booties are worn over 
boots in the work area, remove and discard into a DOT-approved 55-gallon drum. 


2. Remove and discard outer chemical-resistant gloves into a DOT-approved 55-gallon drum. 


3. Remove disposable coveralls (Tyveks) and discard into a DOT-approved 55-gallon drum (if worn). 


4. Remove respirator (if worn). Dispose of filter cartridges and replace daily. 


5. Remove inner gloves and discard. 


6. Shower entire body at the end of the work day, including hair, either at the work site or at home. 


7. Sanitize respirator if worn. 


Sampling Equipment Decontamination—Other Equipment 
Reusable sampling equipment is decontaminated after each use as follows: 


1. Wear un-powdered chemical-resistant gloves. 


2. Rinse and scrub with potable water. 


3. Wash all equipment surfaces that came into contact with the potentially contaminated soil/water with 
detergent solution. 


4. Rinse with potable water. 
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5. Rinse with distilled water. 


6. Completely air dry or wipe dry with a clean paper towel. Wrap exposed areas with aluminum foil (shiny 
side out) or enclose equipment in clean plastic for transport and handling if equipment will not be used 
immediately. 


7. Collect all rinsate and place in a DOT-approved 55-gallon drum. 


8. Dispose of decontamination materials (for example, plastic sheeting, tubing, etc.) that have come in 
contact with used decontamination fluids or sampling equipment in DOT-approved 55-gallon drums. 


Monsoon Pump Decontamination 


Monsoon pumps and sections of cable that come in contact with the well and groundwater during well 
development, purging, and sampling must be decontaminated before using the pump and cable in a 
subsequent well. The pump and cable will be decontaminated following the steps below: 


1. When pulling the pump out of the well, do not roll the pump cable onto the reel to contaminant the 
other section of the cable that has not come in contact with the groundwater; instead coil the pump 
cable on the plastic sheet that is laid around the well during sampling. Also wipe the cable with a paper 
towel that is wet with detergent solution as it is pulled out of the well.  


2. Remove the outer housing of the pump from the motor.  


3. Scrub the pump motor and inside the housing of the pump motor with detergent solution. Re-assemble 
for use in Step 4.  


4. Set up three 5 gallon bucket as follows: 


• Bucket A distilled/potable water and detergent (Liquinox, Alconox, etc.) solution  


• Bucket B distilled/potable water  


• Bucket C distilled/potable water  


The amount of liquid in each bucket should be enough to completely submerge the pump and the section of 
the cable that came in contact with the groundwater. 


5. Immerse the pump and cable in Bucket A. Run the pump in Bucket A for 1 minute while capturing the 
discharge into the IDW drum. After this first minute, the Alconox solution can be circulated in Bucket A 
for another 3-4 minutes. The pump cable will be scrubbed with a decontamination brush in Bucket A 
before transferring the cable to Bucket B with the pump. 


6. Next transfer the pump to the second bucket (Bucket B). Run the pump for one minute discharging the 
water into the IDW drum. Then run the pump with the water being re-circulated for 3-4 minutes. Make 
sure the cable is also put in this bucket. The cable should be wiped dry and allow to air dry. 


7. Transfer the pump, without the cable, to Bucket C. Run the pump for one minute discharging the water 
into the IDW drum. Then run the pump in Bucket C re-circulating the water for 3-4 minutes. Wipe down 
and allowed to air dry. 


8. If the pump is not going to be used immediately, the pump should be wrapped with aluminum foil and 
the pump and the reel stored in a double plastic bag until it is ready to be used. 


To minimize the amount of IDW generated from the pump decontamination process, the decontamination 
water can be rotated as described below.  


• Water in bucket A is discarded after a cycle of decontamination.  


• Water in Bucket B becomes the soap solution for Bucket A for the next cycle.  
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FOP 14—EQUIPMENT DECONTAMINATION PROCEDURES 


• Water in Bucket C becomes the first rinse water (Bucket B) for the next cycle.  


• Fresh potable water is then put in bucket C.  


Bladder Pump Decontamination 


Bladder pumps used for well development, purging, and sampling must be decontaminated before using the 
pump in a subsequent well. The most effective decontamination process is to completely disassemble the 
pump, clean the stainless steel and non-disposable parts, and replace the Teflon bladder and o-rings after 
each use. However, complete disassembly of the pump will only occur after 20 samples have been collected 
with the pump or when the pump is used at different facilities (whichever is sooner). The bladder will only 
be replaced if it shows signs of significant wear or discoloration. 


Non-disassembly Decontamination Procedure 


The pump will be decontaminated following the steps below: 


1. When pulling the pump out of the well, make sure that the disposable tubing and rope are placed on the 
plastic sheet that is laid around the well during sampling. Remove the tubing from the top of the pump 
and replace with shorter sections of tubing that is long enough to reach the IDW container. The tubing 
and rope will be disposed of in the accordance with the waste management plan. The tubing and rope 
will be replaced for the subsequent well. 


2. Remove any loose material and gross contamination from the outer casing of the pump. 


3. Rinse with potable water.  


4. Set up three 5 gallon bucket as follows: 


• Bucket A distilled/potable water and detergent (Liquinox, Alconox, etc.) solution  


• Bucket B distilled/potable water  


• Bucket C distilled/potable water  


The amount of liquid in each bucket should be enough to completely submerge the pump. 


5. Immerse the pump in Bucket A. Run the pump in Bucket A for 1 minute while capturing the discharge 
into the IDW drum. After this first minute, the Alconox solution can be circulated in Bucket A for another 
3-4 minutes.  


6. Next transfer the pump to the second bucket (Bucket B). Run the pump for one minute discharging the 
water into the IDW drum. Then run the pump with the water being re-circulated for 3-4 minutes.  


7. Transfer the pump, to Bucket C. Run the pump for one minute discharging the water into the IDW drum. 
Then run the pump in Bucket C re-circulating the water for 3-4 minutes. Wipe down and allowed to air 
dry. 


8. If the pump is not going to be used immediately, the decontaminated pump should be wrapped with 
aluminum foil to prevent contamination of the equipment. 


To minimize the amount of IDW generated from the pump decontamination processes, the 
decontamination water can be rotated as described below.  


• Water in bucket A is discarded after a cycle of decontamination.  


• Water in Bucket B becomes the soap solution for Bucket A for the next cycle.  


• Water in Bucket C becomes the first rinse water (Bucket B) for the next cycle. Fresh potable water is 
then put in bucket C. 
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Equipment blanks: Rinse the pump and cable with distilled water. The equipment blank sample should be 
collected by pumping distilled water through the pump and a short section of tubing.  


Complete Disassembly Decontamination Procedure 


For complete disassembly of the pump, the pump will be decontaminated following the steps below: 


1. When pulling the pump out of the well, make sure that the disposable tubing and rope are placed on the 
plastic sheet that is laid around the well during sampling. Remove the tubing from the top of the pump. 
The tubing and rope will be disposed of in accordance with the waste management plan. The tubing and 
rope will be replaced for the subsequent well. 


2. Remove any loose material and gross contamination from the outer casing of the pump. 


3. Rinse with potable water.  


4. Set up three 5 gallon bucket as follows: 


• Bucket A distilled/potable water and detergent (Liquinox, Alconox, etc.) solution  


• Bucket B distilled/potable water  


• Bucket C distilled/potable water 


The amount of liquid in each bucket should be enough to completely submerge the pump. 


5. Using adjustable channel-locking pliers remove the treaded top and bottom caps from the housing tube. 


6. Remove any o-rings from the caps, dispose of the o-rings and place the top and bottom caps in the 
decontamination bucket containing a water/detergent solution. NOTE: This step does not need to be 
completed on every well. Replace o-rings only if they are showing signs of fatigue, have been used to 
collect 20 samples, or if the pump will be used at a different facility (whichever is sooner). 


7. Stand the pump housing upright on a firm surface and free the Teflon bladder assembly from inside of 
the pump housing by pushing it down on the firm surface. 


8. Remove the collars holding the Teflon bladder, being careful not to lose the stainless steel check balls in 
either end of the bladder assembly. Some models may only have one check ball. 


9. Remove and clean the o-rings and Teflon bladder assembly. NOTE: Replace any o-rings or Teflon 
bladders that show signs of significant wear or discoloration. 


10. Place the collars, the screen, and the inlet tube in the decontamination bucket. 


11. Using a mixture of potable water and detergent solution, thoroughly clean the inside of the inlet tube 
using the pipe-cleaning brushes. Using a sponge or brush, thoroughly clean the outside of all the 
stainless steel (and non-disposable) parts of the pump and the inside of the pump body, which covers 
the bladder. Clean the o-rings and bladders (unless they are being replaced). 


12. Transfer the washed parts to a clean water rinse bucket.  


13. Remove the cleaned parts from the clean water rinse bucket.  


14. Place the parts on a clean paper towel to allow for drying after the final rinse is completed. 


15. Reassemble the pump. 


16. If the pump is going to be stored or transported, the decontaminated pump should be wrapped with 
aluminum foil to prevent contamination of the equipment. 
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Decontamination of Water level Indicator 


The water level indicator used to measure depth to water and depth to bottom in monitoring wells and 
piezometers must be decontaminated between each well. To decontaminate the water level indicator, 
follow the steps below;  


1. When pulling the water level indicator from the well, do not roll up the tape in the reel to contaminate 
the section of the tape that has not come in contact with the groundwater. Instead, pull the tape and 
probe directly into a bucket that will be used for the decontamination process. Also wipe the tape with 
paper towel wet with detergent solution as it is been pulled out. 


2. Immerse the section of the tape and probe that came in contact with the groundwater in a soapy 
solution in a 5 gallon bucket. Wash the tape and probe in the bucket with a decontamination brush. 


3. Next transfer the tape and probe to another 5 gallon bucket with potable water. Rinse the tape and 
probe in the second bucket. Wipe the tape and probe dry with paper towel before rolling the tape onto 
the reel of the water level meter 


4. If the water level meter is not going to be used immediately in another well, wrap the meter in double 
plastic bag for storage. 


 Health and Safety Monitoring Equipment Decontamination 


1. Wrap soil contact points in plastic before use, to reduce need for subsequent cleaning. 
2. Wipe all surfaces that had possible contact with contaminated materials with a paper towel wet with 


detergent solution, and finally two times with a towel wet with distilled water. Dispose of all used paper 
towels in a DOT-approved 55-gallon drum. 


Sample Container Decontamination 
The outside of sample bottles or containers filled in the field may need to be decontaminated before being 
packed for shipment or handled by personnel without hand protection. The procedure for sample container 
decontamination is as follows: 


1. Wipe container with a paper towel dampened with detergent solution, or immerse in the solution after 
the containers have been sealed. Repeat the above steps using potable water. 


2. Dispose of all used detergent solution and paper towels in a DOT-approved 55-gallon drum or in trash 
bags placed into appropriate dumpsters, keeping liquids and solids in separate drums. 


Key Checks and Items 
1. Do not use acetone for decontamination. 
2. Drum all contaminated rinsate. 
3. Clean with solutions of Alconox, Liquinox, or equivalent phosphate-free detergent, and distilled water. 
 


 


 


 


 


______________________________________ ____________________ 


SOP Approval Signature Date 
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SOP-14 STANDARD OPERATING PROCEDURE 


Groundwater Grab Sample Collection 


Purpose 
To provide a general guideline for the collection of groundwater samples using direct-push or roto-sonic 
sampling methods. 


Scope 
Using discrete groundwater sampling tools such as an Isoflow system or equivalent to collect 
groundwater grab samples.  


Equipment and Materials 
• Drill rig and sampling rods with slotted lead rod 
• Polyethylene sampling tubing and sample pump 
• Pre-cleaned sample containers 
• Clean latex or surgical gloves 


Procedures and Guidelines 
1. Decontaminate slotted lead rod and other downhole equipment in accordance with SOP13 


Equipment Decontamination. 
2. Using the drill rig, a slotted steel lead rod will be installed within a boring so that the slotted 


reusable screen is placed at the bottom of the borehole below any downhole casing.  
3. Insert the a submersible pump and polyethylene sampling tubing through the rods or insert 


peristaltic pump tubing through rods, depending on which method is used. 
4. Purge groundwater from screened interval prior to sampling to clear some of the sediment from 


the slotted screen.  Amount of groundwater purged will vary dependent on the amount of fine 
material in the sampling interval and will be determined in the field on a case by case basis. The 
volume of water added to the borehole during drilling should be purged prior to collecting a 
sample.  


5. Fill all sample containers for VOC analysis. 
6. Remove the pump polyethylene sampling tubing from the rods and discard the polyethylene 


tubing. 
7. Backfill borehole at each sampling location with grout or bentonite and repair the surface with 


like material (bentonite, asphalt patch, concrete, etc.), as required. 


Key Checks and Items 
• Verify that the downhole sampling equipment is clean and in proper working order. 
• Ensure that the driller thoroughly completes the decontamination process between sampling 


locations. 
• Ensure that the slotted lead rod has been inserted to the desired sampling depth. 
• Verify that the borehole made during sampling activities has been properly backfilled. 


 







 


 


 


 


______________________________________ ____________________ 


SOP Approval Signature Date 


 







STANDARD OPERATING PROCEDURE 15 


Private Well Groundwater Sampling Procedures  
 


 


Purpose 
The following describes the procedures for the collection of groundwater samples from private water 
supply wells. Methods were developed in accordance with procedures presented in previous U.S. 
Environmental Protection Agency publications. 


Scope 
This procedure is applicable for residential wells that are functioning within their designed specifications, 
and is considered to be appropriate for collections of volatile organic compounds (VOCs). 


Equipment/Materials 
The following list presents the equipment needed for private well groundwater sampling for VOCs. 


• Sample bottles and coolers for submittal to the laboratory 
• A calibrated groundwater parameter meter 
• Field notebook, sample data sheets, chain-of-custody forms, and custody seals 
• Polyurethane tubing 
• Four to five clean 5-gallon buckets to collect purge water and to sample 
• Ice for sample coolers 
• Appropriate PPE 
• Tool box 
During the preparation for the field event, this list should be reviewed and modified, as appropriate, to 
accommodate the needs of the well owner and/or the collection of additional analytes. 


Procedures/Guidelines 
Pre-sampling Activities (Purging) 


The following activities shall be completed before the start of sampling: 
1. If possible, locate a tap/faucet/spigot that will allow samples to be collected upstream of any water 


treatment/conditioning, such as softeners, filters, or chlorination systems. 
2. Confirm that the tap/faucet/spigot selected is deemed acceptable for sampling to the well owner. 
3. If present, remove aerator on tap/faucet/spigot. 
4. Connect new, dedicated tubing hose to tap/faucet/spigot, if necessary, and run water through the 


plumbing system to keep the well running continuously for at least 15 minutes, and also allow any 
storage/pressure tanks to be drained. 


5. Make sure any water being purged is properly collected and containerized as outlined in the UFP-
QAPP. 


Sampling Activities 
Procedures for sampling are as follows: 


1. Fill the 5-gallon bucket from the selected collection point, and immerse the multi-meter probe in the 
water. Record field parameter values once they have stabilized. 


2. Slow the water flow to a trickle and fill all sample containers directly at selected tap/ faucet/spigot. 
Ensure that no part of the tap/faucet/spigot touches the mouth of the VOA vial. Tip the VOA vial to 
allow the water to run down the side of the vial to fill. Any sample containers containing chemical 
preservative should not be overfilled. 
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3. Place all samples in designated ice-filled sample cooler(s). 
4. Make sure sampling point is shut off before leaving private property. 


Note: The 40 mL volatile organic analysis (VOA) vial will be sampled directly from the tap/ faucet/spigot 
at a low flow rate. The vial should be filled to the top without overflowing (creating a convex meniscus on 
the top) and cap and should be turned upside down and tapped to ensure the absence of air bubbles. 
This procedure should be repeated for all VOA vials. 


Attachments 
None. 


 
 
 
 
 
 
 
 
______________________________________ ____________________ 


SOP Approval Signature Date 
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STANDARD OPERATING PROCEDURE 16 


Aquifer Slug Test 


Purpose 
The purpose of this procedure is to define the requirements for performing the slug test, which is a single well 
hydraulic test to determine the transmissivity and/or hydraulic conductivity of an aquifer.  


Scope 
This SOP describes the procedures that will be used to collect slug test water level data in unconfined or 
confined aquifers that are used to calculate the aquifer’s hydraulic conductivity or transmissivity. Staff that 
performs the slug tests should use this SOP as a guide for planning, performing the slug tests, and 
documenting data collection. Project staff not familiar with slug test methodology and methods must be 
trained by a qualified hydrogeologist or engineer before the task in completed to ensure that quality data that 
are representative of aquifer conditions are collected. The SOP does not provide guidance on slug test data 
analysis, which must be performed or supervised by a qualified engineer or hydrogeologist.  


Slug tests measure the hydraulic characteristics immediately proximate to the screen of the well that is tested. 
If area-wide aquifer hydraulic data are needed than other tests (such as pump tests) should be considered. 
The slug tests measure water levels over time as water is displaced upward (by adding a slug) and then falls 
back to equilibrium (a falling head test) or downward (when the slug is removed) and then rises to equilibrium 
(a rising head test). The water level data are used with well construction and aquifer information to calculate 
the hydraulic conductivity or transmissivity.  


Equipment and Materials 
• Metal or solid Teflon® or equivalent slugs 


• 0.25-inch nylon rope 


• Electric water level indicator 


• Pressure transducer-sensor with data cables 


• Automatic data logger or PC 


• Field logbook 


• Steel measuring tape (backup for the electric water level indicator) 


• Well construction data (screened interval, screen length well diameter, well depth, sandpack description) 
and aquifer description (confined, semiconfined, unconfined) 


Procedures and Guidelines 
Aquifer slug tests measure the displacement of water up or down by the introduction or removal of a solid slug 
and then allowing the water level to stabilize. Although water can be physically added or removed to cause a rise 
or fall in water level, this is not recommended. Water level measurements are taken at closely spaced time 
intervals (preferably) by pressure transducers or by manual water level probes. Measurements must be taken to 
0.01 foot or equivalent for groundwater levels and the time of each measurement taken to the nearest second.  
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Equipment will be decontaminated prior to testing. The well should be opened. When wells are equipped with 
watertight caps, the well should be unsealed at least 24 hours prior to testing to allow the water level to 
stabilize. The protective casing will remain locked during this time to prevent vandalism.  


Slug Testing Preparation 
• Order slug test equipment and supplies (including well keys to open the wells). 


• Test equipment to ensure it is functioning properly and to familiarize yourself with the equipment. 


• Summarize well construction data for each well in the field logbook. 


• Decontaminate equipment per SOP-13.  


• Based on available data (well purging recovery, pervious slug tests, results for wells in similar or nearby 
locations or formation), evaluate if the well is likely to have a high (~1x10-2 cm/s), moderate (~1x10-4 
cm/s), or low hydraulic conductivity (<~1 x 10-4 cm/s). Wells that recover quickly after purging are likely to 
be in the high or moderate range. If a well recovers slowly or very slowly (more than 12 hours), then it is 
likely to have a low hydraulic conductivity. The initial assessment of the hydraulic conductivity (K) will 
define the likely length of the test, where high K wells will be done in a few hours whereas low-K wells 
may take 2 or more days.  


NOTE: 


• Be sure to order transducers with a slip mesh wire loop so that it can be easily secured to the well casing. 


• Order transducers with an appropriate pressure rating for the tests you will be doing. The pressure rating 
in PSI is based on the amount of water head that is likely to be above the transducer. The vendor can 
assist you, but you will need to know how deep the transducers will be below the water surface before 
they are ordered.  


• Although laptops can be used to collect data in the field they are not optimal since they are bulky, the LCD 
screens are difficult to see in bright sunlight, and are not appropriate for wet, rainy, or cold weather. 
Many transducers (such as InSitu) offer data loggers that are easy to use and offer useful tools to see data 
as it is being collected.  


Slug Test Procedure 
This procedure assumes that a falling and rising slug test will be performed at each well. Both tests can be 
used to evaluate the hydraulic conductivity. 


• Decontaminate equipment (SOP-13).  


• Initial Water Level: Measure the initial water level at the well. Compare this level to historic data to 
ensure it is representative. Record this water level as the initial reading if it is representative of likely static 
groundwater conditions.  


• Set Transducer: Place the transducer down the well. Take care not to place the transducer at the bottom 
of the well (where it can be fouled with sediment). Try to place the transducer below where the slug is 
likely to be placed so it is not damaged or disturbed when the slug is placed in the well. Secure the 
transducer to the well - most transducers have a slip-wire mechanism that can be adjusted and locked to 
the surface casing of a well.  


• Program Transducer: When the transducer is lowered into the water, the water levels will rise slightly. 
Re-measure the water level with the water level probe. When the manual water level measurement 
reading is at static levels then the slug test can begin. Check that the transducer is measuring data, and set 
the data collection interval. For high-K wells, this will have to be one water level reading every few 
seconds since the test will be over quickly. For moderate and lower K wells, it may be lower (but no more 
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than 10 seconds). Some transducers can be programmed with logarithmic data collection. Remember that 
the most critical portion of the slug test water level data collection is in the very first part of the test, so 
“data density” during the initial response is key. Record the static transducer groundwater reading 
(generally in feet or meters of head above the transducer).  


• Falling Head Test: Attach the nylon rope to the slug, lower it until it is near the water, and then after the 
transducer is programmed drop the slug into the water (making sure it does not drop onto the 
transducer). Record the time the transducer is dropped on the slug test form or field logbook. The water 
level will rise within the well casing and then fall, resulting in a falling head slug test. Verify that the 
transducer is recording data by attaching the data logger and checking the data collected. Collect at least a 
few manual water levels and record this data along with the associated transducer data. The manual 
water level measurements will help verify the transducer data. Continue collecting transducer data with 
occasional manual water level readings until the water levels have fallen 90 percent (for example, they are 
almost back to or at static conditions).  


• Rising Head Test: After the falling head test is complete, the slug can be pulled, which results in the water 
column dropping and then rising – resulting in rising head test. The data that are recorded are the same as 
the falling head test; however, if the water levels have not recovered to almost static conditions at wells 
that with a moderate or low K, then a rising head test may not provide valid data.  


NOTE:  


• Make sure that a well is at near static conditions before starting a slug test. A moderate or low K well 
should not be tested immediately after it has been purged for development or sampling since it may not 
be fully recovered. 


• Wells with very little water are poor candidates for slug tests since there will not be adequate space for 
the transducer and the slug. It is imperative that the transducer be below the lowest level of the slug; 
otherwise, the transducer may disturb or damage the slug when it is placed.  


• IMPORTANT: It is critical that the data from each test be reviewed in the field to determine if the test was 
successful. At a minimum, the data should be plotted over time to see that the curve is what may be 
expected and does not contain likely errors or malfunctions that indicate the transducer was not set up 
properly, was disturbed, or that the test failed before it was complete. Most data loggers can show data 
as it is collected in a graphical format, and some can do a spot hydraulic conductivity calculation curve 
matching. Both are good to see if the data can be used to calculate hydraulic conductivities or 
transmissivities at the end of the field effort.  


Entries in the field logbook should include the following: 


• Borehole/Well number. 


• Project number. 


• Project name. 


• Date and general time of test. 


• Aquifer testing team members. 


• Aquifer information for this well: confined, semiconfined, unconfined. 


• Well construction data: diameter, screen length, screen type, screen interval, sandpack type and depths, 
top of casing elevation. 


• Measuring equipment being used: water level probe model, transducer make and model (including PSI 
rating), data logger or PC used. 
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STANDARD OPERATING PROCEDURE 16—AQUIFER SLUG TEST 


• Page number. 


• Manual groundwater elevations for each slug test: static and periodic measurements taken during the 
rising or falling head test. Each data point should be associated with the clock time and the time 
increment of the slug test.  


• Transducer readings: initial (static) and paired transducer data for manual water level elevations.  


• Transducer programming settings for time interval (for example, 5 seconds, 2 seconds, logarithmic, etc.) 
and water level reading type (head in feet, head in meters, elevation in feet, etc.).  


• File names for transducer files. File names should include the well ID, whether it is falling or rising test, and 
the date. Most transducers will allow files to be exported as Excel or a similar format.  


Post-slug Test  
Once the transducer data files and associated manually collected water level readings are summarized, they 
can be used to calculate the hydraulic conductivity or transmissivity of the well. Both the rising and falling 
head test results can be used for this calculation. These calculations can be done manually, but there are many 
readily available programs (such as AQTESOLV™) that can be used. These data evaluations should be 
evaluated or supervised by an experienced engineer or hydrogeologist, and then quality control checked 
before they are used by the project team for further site characterization.  


Attachments 
None. 


Key Checks/Items 
None. 


Key References 
Ohio EPA, Division of Drinking and Ground Waters. 2006. Technical Guidance Manual for Ground Water 
Investigations, Chapter 4, Pumping and Slug Tests. December. 


There are numerous ASTM references that may be used to guide the selection of and implementation of 
aquifer slug testing.  


General Guide on Slug Testing 
• D4043-96(2004) Standard Guide for Selection of Aquifer Test Method in Determining Hydraulic Properties 


by Well Techniques 


Slug Testing Techniques and Applications 
• D4044 Test Method for (Field Procedure) for Instantaneous Change in Head (Slug) Tests for Determining 


Hydraulic Properties of Aquifers 


• D4050 Test Method (Field Procedure) for Withdrawal and Injection Well Tests for Determining Hydraulic 
Properties of Aquifer Systems 


• D4104 Test Method (Analytical Procedure) for Determining Transmissivity of Nonleaky Confined Aquifers 
by Overdamped Well Response to Instantaneous Change in Head (Slug Tests) 


• D4105 Test Method (Analytical Procedure) for Determining Transmissivity and Storage Coefficient of 
Nonleaky Confined Aquifers by the Modified Theis Nonequilibrium Method 
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STANDARD OPERATING PROCEDURE 09—AQUIFER SLUG TEST 


• D4106 Test Method (Analytical Procedure) for Determining Transmissivity and Storage Coefficient of 
Nonleaky Confined Aquifers by the Theis Nonequilibrium Method 


• D4630 Test Method for Determining Transmissivity and Storage Coefficient of Low-Permeability Rocks by 
In Situ Measurements Using the Constant Head Injection Test 


• D4631: Test Method for Determining Transmissivity and Storativity of Low Permeability Rocks by In Situ 
Measurements Using the Pressure Pulse Technique 


• D5269: Test Method for Determining Transmissivity of Nonleaky Confined Aquifers by the Theis Recovery 
Method 


• D5270: Test Method for Determining Transmissivity and Storage Coefficient of Bounded, Nonleaky, 
Confined Aquifers 


• D5472: Test Method for Determining Specific Capacity and Estimating Transmissivity at the Control Well 


• D5473: Test Method for (Analytical Procedure for) Analyzing the Effects of Partial Penetration of Control 
Well and Determining the Horizontal and Vertical Hydraulic Conductivity in a Nonleaky Confined Aquifer 


• D5716: Test Method for Measuring the Rate of Well Discharge by Circular Orifice Weir 


• D5785: Test Method for (Analytical Procedure) for Determining Transmissivity of Confined Nonleaky 
Aquifers by Underdamped Well Response to Instantaneous Change in Head (Slug Test) 


• D5786: Practice for (Field Procedure) for Constant Drawdown Tests in Flowing Wells for Determining 
Hydraulic Properties of Aquifer Systems 


• D5850: Test Method for (Analytical Procedure) Determining Transmissivity, Storage Coefficient, and 
Anisotropy Ratio from a Network of Partially Penetrating Wells 


• D5881: Test Method for (Analytical Procedure) Determining Transmissivity of Confined Nonleaky Aquifers 
by Critically Damped Well Response to Instantaneous Change in Head (Slug) 


• D5912: Test Method for (Analytical Procedure) Determining Hydraulic Conductivity of an Unconfined 
Aquifer by Overdamped Well Response to Instantaneous Change in Head (Slug) 


• D5920: Test Method (Analytical Procedure) for Tests of Anisotropic Unconfined Aquifers by the Neuman 
Method 


• D653: Terminology Relating to Soil, Rock, and Contained Fluids 


 


 


 


 


 


______________________________________ ____________________ 


SOP Approval Signature Date 
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STANDARD OPERATING PROCEDURE 17 


Well Point Method Pore Water Sampling 
Procedures 
The groundwater-to-surface water interface (GSI) zone is an area where there is a potential link between site-
related groundwater and receiving water bodies (e.g., drainages, streams, rivers, lakes, ponds).  Pore water 
sampling at the GSI can be used to determine if venting of groundwater-associated contaminants is occurring 
and is often used to supplement groundwater, sediment and/or surface water sampling and analysis.  These 
data can also help evaluate potential exposures to aquatic receptors in receiving water bodies and/or 
evaluate the migration of contamination from a groundwater source to other media.  This standard operating 
procedure (SOP) describes the steps for collecting a pore water sample using the “well point” method.  


Materials 
• Well point apparatus (Figure 1) 


• Water quality meter (Myron L Ultrameter or similar) 


• Sledge hammer, rubber mallet, poste driver or sledge hammer 


• Sample tubing (¼-inch–outer- diameter polyethylene tubing connected to ¼-inch–inner- diameter 
silicone peristaltic tubing) 


• 45 μm cellulose acetate disposable in-line filters (dissolved metals filtering) 


• Pump (portable battery powered peristaltic, hand pump or syringe assembly) 


• Field notebook 


• Water level meter and/or measuring tape 


Construction  
The well point method incorporates an outer and inner screen and riser apparatus. All well point components 
are built or supplied by ECT Manufacturing (Hamilton, NJ; www.ectmfg.com).  Attachment A consists of the 
well point materials and components from ECT pricing.  The following describes the details of the outer and 
inner well point components.   


Outer Well Point 
Outer screens are constructed using 12-inch segments of 2-inch diameter PVC piping (Figure 1a). Each screen 
has a 12-inch machine slotted screen1 (0.010 inch slot size). A pointed well cap is attached (affixed with 
stainless steel screw) to the bottom of the outer screened segment, and the top end of this segment is 
threaded (female) to accept a 2-inch-diameter male end of a threaded PVC riser segment.  The threaded area 
of each riser segment is sealed with an internal O-ring to prevent surface water leakage at the threaded 
zones. The risers are attached to the screen segment in 5-foot segments to achieve enough overall well point 


1 Depending on study objectives, screen length can be adjusted to any lengths up to several feet (most common intervals 
for pore water sampling application are within the 6 to 24 inch interval).  Additionally, multiple depths/well points might 
be deployed simultaneously for profile sampling (e.g., shallow [2 to 14 inches], intermediate [14-26 inches], deep [26 to 
38 inches]). 
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length so the top riser segment extends above the surface water line when the top of the slotted screen area 
is driven to depth matching the top of the sample interval2. A diagram illustrating the assembled well point 
apparatus is shown on Figure 1b. 


Inner Well Point  
Inner screens (known as a Prepack well screen) are constructed using 15-inch segments of 1-inch diameter 
PVC piping and are capped at the bottom (Figures 1a & 1b). Each screen has a 12-inch machine slotted area 
(0.010-inch slot size) and is covered by a pre-packed filter that consists of a metal mesh covering filled with 
coarse well-drillers sand. This filter reduces intake of particulates and facilitates collection of a pore water 
sample more representative of in situ conditions. The top end of the inner screen segment is threaded to 
accept 1-inch-diameter PVC riser segments. The inner screen and riser are inserted into the outer well point, 
and additional 1-inch-diameter risers are attached in 5-foot segments to achieve enough overall length so the 
top inner riser segment extends to as close as possible to match the top of the outer riser segment (Figure 2).  
The inner risers are cut so that top of the inner and outer risers are within a 1-2 inches of each other. 


Sump Section 
In situations where less permeably, slow or minimal recharge rate sediment is present (e.g., high clay/silt 
content) and higher sample volumes are required (e.g., organic constituents; >1 liter volumes, a sump section 
can be attached below the outer screen section to serve as a sample volume reservoir (Figure 3).  This sump 
section is constructed from 2-inch riser material and is attached between the well point and outer screen.  
Since the outer screen is positioned at the interval of desired pore water seepage, the sample within can be 
pulled from anywhere within the apparatus (i.e., below the screen).   


Installation and Sampling 
1. Measure water column depth. 


2. Install outer well point (screens + risers) as follows: 


a. Attach risers to screen segment so top riser segment extends above the surface water line 
when top of slotted screen area is driven to depth matching the top of the sample interval;    


b. Place solid screw plug into top of the riser segment;  


c. Insert apparatus to position screen at study-specified depth interval by hammering into 
place, striking the screw plug only (Note: For samples collected from the top of the sediment 
profile, well points will be deployed such that the top of the outer well point sample screen 
will be at least 1-2 inch below the sediment surface.  This position will better ensure there is 
no surface water draw down into the well point sampler; Additionally, depending on site-
specific substrate the force needed to install will dictate the tools needed.  Sometimes a hand 
power or a rubber mallet might suffice, but often a small sledge hammer or post driver might 
be necessary); and 


d. Remove solid screw plug.   


3. Purge initial volume of water that enters the outer well point during installation to “reset” well point 
and clear it of debris that entered during installation actions;   Use a pump and tubing that extends to 


2 In tidally influenced areas, make sure that the high water mark at high tide does not overtop the top end of the riser 
segment 
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the bottom of the screen segment (move tubing vigorously at the bottom to agitate 
debris/particulate for removal). 


4. Allow outer well point to charge with site pore water (water from discrete screen interval only) 
(Note: for slow charging well points, or for initial gauging, a water level meter might be needed to 
monitor depth).    


5. Purge outer well point of one to two complete volumes of water using a pump and tubing that 
extends to the bottom of the screen segment (move tubing vigorously at the bottom to agitate 
debris/particulate for removal). 


6. For delayed sampling: 


a. cover/cap (do not seal) well point with 2-inch diameter lockable style well plugs or a screw 
cap, and let stand (equilibrate) for as long as necessary to recharge before sampling (Figure 
2).  


b. After equilibration, proceed to Step 7. 


7. For immediate sampling, or when returning to sample after equilibration, insert inner screen/pre-
pack sand filter such that the top inner riser segment will extend to as close as possible to match the 
top of the outer riser segment.  


8. Measure surface water quality parameters3 at pore water sampling location (directly adjacent to well 
point).  


9. Draw pore water samples from within the inner screen using a slow-flow pump and tubing method 
(Figure 4); Slowly lower tubing until the bottom end is positioned at the bottom on the inner screen 
segment.  


10. Collect initial (pre-sampling) water quality parameter measurements (see footnote 3; Note: Because 
water quality parameters are expected to differ in the pore water and the surface water 
environments, compare during sampling activities onsite. This comparison will also be used to verify 
that pore water samples do not consist of surface water drawn down through the shallow sediment 
during pumping). 


11. Fill sample bottles for chemical analytical parameters; Pump pore water sample directly into the 
appropriate sample bottle(s) according to study plans (water for dissolved metals analysis can be 
collected using in-line filters [45 μm cellulose acetate disposable in-line filters], before the total 
metals sample is collected [unfiltered]). 


12. Collect post-sampling water quality parameter measurements (see footnote 3; Note: Because water 
quality parameters are expected to differ in the pore water and the surface water environments, 
compare during sampling activities onsite. This comparison will also be used to verify that pore water 
samples do not consist of surface water drawn down through the shallow sediment during pumping).  


13. Proceed to the next sampling location (Note: New disposable PVC screens [outer and inner], PVC 
risers, sample tubing, and filters [when needed] will be used for each well. After the samples have 
been collected, the well point will be removed from the sediment and disposed of following 
investigation-derived waste procedures or left in place for a future round of sampling). 


3 Parameters will include at a minimum pH, specific conductance, temperature, oxidation-reduction potential and total 
dissolved solids, but depending on study objectives might also include turbidity and/or dissolved oxygen.   
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Well Point – Construction 


2” outer riser 
(5’ long sections) 


2” outer screen 
(any length;  


zone of  
pore water  
seepage) 


1” inner  
riser/ screen 
apparatus 


 


Figure 1b 
Diagrammatic Constructed Pore Water Sampling Apparatus 
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Well Point – Components 
 Installation of outer piezometer with 
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 Inner piezometer inserted after purging 


Figure 2 
Installation and Capping 
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Figure 3 
Diagrammatic Constructed Pore Water  
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Figure 4 
Sampling 







ECT Manufacturing Equipment for Well-Point Sampling


Item Description Details Qty
 10-020-050A  Riser  2" x 5' S40 PVC RISER ASTM  1


 11-020-050E1  Screen
 2" x 12" S40 PVC SCREEN .010 ASTM Male x Point (Pinned 
in using Stainless Steel pins)  


1


 14-020-CAP  Cap  2" S40 PVC THR FEM CAP ASTM  1


 14-020-PLUGJ  Plug  2" S40 SOLID GREY THR MALE PLUG ASTM, JOHNSON  1


 10-010-050F  Riser  1" x 5' S40 PVC RISER 8P  1


 15-010-05SS  PrePack
 1" ID x 1.7" OD x 12" x S40 .010 8M, Stainless Steel Mesh 
PrePacked PVC Well Screen Male x Point  


1


 T2  Plug  2-inch Gripper Plug Orange Torquer, S40  1
-- Frieght Project Dependant 1
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STANDARD OPERATING PROCEDURE 18 


Analytical Method for the Determination of  
Volatile Organics in Soil Gas Using the HAPSITE 
Field GC/MS 


1.0 Scope and Application 
This document provides standard operating procedures for using a HAPSITE gas chromato-
graph/mass spectrometer (GC/MS) for use at field projects using EPA Method TO-15 as guidance.  
This procedure is intended to be used by GC/MS chemists with proper training and experience.  
These procedures are based upon EPA Method TO-15 as published in "Compendium of Methods for 
the Determination of Toxic Organic Compounds in Ambient Air", Second Edition, January 1999 and 
the HAPSITE user manual.  This method is applicable to specific Volatile Organic Compounds (VOCs) 
in air.  Table 1 presents a list of VOC’s with reporting limits which can be analyzed with this proce-
dure.  This SOP covers the standard operating procedures for the HAPSITE, however, site specific 
requirements provided in other project specific documents (such as a QAPP or SAP) may override 
this SOP. Additionally, field conditions encountered during field work may require modifications to 
the procedures. 


2.0 Overview of the Analytical Process 
2.1 Air samples are collected through the sampling probe at ambient pressure. 


2.2 The HAPSITE can be operated in two different modes.  Analytical mode for quantitative 
(quant) and qualitative results, or survey (sniff) mode for qualitative screening. 


2.3 Quant mode: Samples are introduced into the GC/MS system by way of a sample probe and 
concentrator. The concentrator traps the sample onto an adsorbent trap which allows at-
mospheric gases to pass through (CO2, O2, N2, etc).  The trap is then heated and the ana-
lytes are transferred to the GC column, then to the MS detector. 


2.4 Survey mode: Samples are introduced through the sample probe directly into the MS detec-
tor. 


2.5 Data is collected and stored into the HAPSITE system memory.  The data can then be used 
by an external computer for calibration, data processing, reporting of samples, and data ar-
chiving.  


2.6 SIM and SCAN: The MS system is capable of operating in SCAN or SIM mode, depending on 
analytical or specific project requirements.  SCAN mode is used for more conventional TO-15 
analysis or if tentatively identified compounds (TIC) are required.  In this mode the MS scans 
a range of ions (typically 35-250 amu).  This range contains all ions necessary to identify and 
quantitate all compounds in the TO-15 list. If lower detection levels are required, SIM mode 
may be utilized.  In SIM mode, the analyzer only looks at ions specific to the target com-
pounds.  Up to three ions are used per compound, 1 for quantitation, and 1 or 2 for qualifi-
cation.  This increases the dwell time that the analyzer spends scanning for each specified 
ion, which increases sensitivity at the cost of selectivity.  Because of this, it is not possible to 
produce TIC reports in SIM mode. 
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2.7 After samples are analyzed, processed, and meet all acceptance criteria herein, a cli-
ent report is generated and typically reviewed by a peer. 


3.0 Target Analytes, Reporting Limits, and Detection Limits 
Standard target analytes and reporting limits for the base analyte list for analysis in SIM mode are 
listed in Table 1. In order to keep the analysis time as short as possible, the analyte list should be 
kept to the minimum number of compounds of interest.  In order to produce the analyte list and re-
porting limits in Table 1, it takes approximately 10-15 minutes from injection to injection (including 
sampling time, analytical run time, post run instrument cool down.)   


3.1 The reporting limits (RL) shall be at or above the lowest calibrated point on the initial cali-
bration curve. Reporting limits may increase or decrease based on the amount of time the 
sample is loaded onto the concentrator. Typical achievable limits for a 1 minute fill time are listed 
in Table 1 for SIM mode. 


4.0 Interferences 
4.1 Contamination may occur in the sampling system if it is not properly cleaned before use.  


Therefore, the probe should be heated and an ambient system flush performed at the start 
of each day, or between samples with elevated concentrations of VOCs.   


4.2 Contamination may occur from impurities in the carrier gases and from background sources.  
These sources of contamination are monitored through analysis of method blanks. 


4.3 Cross-contamination can occur whenever samples containing high VOC concentrations are 
analyzed.  Therefore, whenever an unusually concentrated sample is encountered, the ana-
lyst uses professional judgment when reviewing the following samples to determine 
whether reanalysis is necessary.       


5.0 Sample Collection, Storage, Holding Times, and Preser-
vation 


5.1 Samples are typically collected in Tedlar bags. Analysis of Tedlar bags should be performed 
immediately after sample collection. Samples should be field screened with a PID before 
analysis in order to obtain an approximate dilution factor 


6.0 Apparatus and Materials 
6.1 Inficon HAPSITE Smart, Smart Plus or ER GC/MS. 


6.2 GC Column – 100% methyl silicone phase, 15m or 30m x 0.32 mm ID x 1 um film. 


6.3 Tedlar® bags in various sizes as needed.  Include Summa to bag adapter for calibration 
standards. 


6.4 Gastite® syringes in various sizes from 25uL to 100mL with Teflon plunger and rounded nee-
dle tip. 


6.5 Two stage regulator for nitrogen cylinder (optional).  CGA 580 fitting. 


6.6 A portable Windows based lap top computer.  The computer utilizes the HAPSITE Smart IQ 
software for acquisition, integration, quantitation, and storage of mass spectral data.  The 
HAPSITE can operate without connection to a computer, but a computer is necessary for 
higher quality data reprocessing. 
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6.7 Power source.  Either line power or an automobile power inverter.  The HAPSITE has 
an onboard battery, but it needs to be re-charged periodically.  


7.0 Standards, Gases and Reagents 
All standards are logged into the chemical inventory database upon receipt.  Any standard that is 
prepared in the laboratory shall be verified against current standards prior to use.  


7.1 Calibration standards - Purchase a pre-made standard or have a vendor prepare a calibra-
tion standard in a 6 L SUMMA canister.  Actual concentration and composition varies by pro-
ject, but typically 5ppbv and 0.5 ppbv are good targets. 


7.1.1 Stock standards - standards are purchased as custom made mixtures in gas cylin-
ders. Cylinders purchased from vendors are traceable to a National Institute of 
Standards and Technology (NIST).  62-component mixture from Scott Gases (catalog 
number 41973-U). Stock standard is 1000 ppbv.   


7.1.2 Primary Field Standard (5 ppbv) – Dilute the 1000 ppbv primary standard(s) 1:200.  
Evacuate a clean 6L canister.  Add 50 ul of DI water.  Add 90 mls of 1000 ppbv stand-
ard.  Fill canister to final pressure of 2280 torr using UHP N2.  This provides 12 L of 
usable 5 ppbv standard (16L total). 


7.1.3 Primary Field Standard (0.5 ppbv) – Dilute the 1000 ppbv primary standard(s) 
1:2000.  Evacuate a clean 6L canister.  Add 50 ul of DI water.  Add 9 mls of 1000 
ppbv standard.  Fill canister to final pressure of 2280 torr using UHP N2.  This pro-
vides 12 L of usable 0.5 ppbv standard (16L total). 


7.1.4 Daily Field Calibration standards – Primary Field Daily Calibration Standard –Fill a 1 
liter Tedlar bag with 5 ppbv primary field standard. 


7.2 Internal/Surrogate/Tuning standard – The internal/surrogate/tuning standard mix is pro-
vided with the HAPSITE in a disposable gas cylinder.  Each cylinder is prepared with bromo-
pentafluorobenzene (BPFB) and 1,3,5-Tris (trifluoromethyl) benzene (TRIS) at approximately 
5 ppbv with nitrogen as the balance gas. 


7.3 Nitrogen Carrier Gas – Ultra High Purity (UHP) 99.999% or better. Either in disposable Infi-
con canisters or commercially provided cylinder (if HAPSITE will be used in a fixed location 
and large quantities are required.) 


8.0 QA/QC 
All reporting limits, QC frequency, and QC acceptance criteria are subject to change on a project spe-
cific basis. 


8.1 The instrument is tuned using BPFB and TRIS.  This is generally performed before analysis 
each day.  The HAPSITE software runs a tuning program set to optimize its instrument pa-
rameters for analysis.  This program optimizes sensitivity and enables library matching of 
the spectra. 


8.1.1  There are short and long tune algorithms.  Typically, the short tune is performed.  A 
long tune is typically performed only after major instrument maintenance. 


8.1.2 After running a successful tune (tune passes internal instrument criteria), it is saved 
to the default tune file. 







Page 4 of 9 


8.1.3 The HAPSITE is not designed to pass the typical TO-15 bromofluorobenzene (BFB) 
tune criteria to operate at its highest potential.  Therefore, BFB tune criteria are not 
relevant for this SOP. 


8.2 Initial Calibration 
An initial calibration curve is required to demonstrate adequate instrument performance for 
sensitivity, linearity, resolution, and absence of active sites.   


8.2.1 A valid initial calibration curve must be established before samples can be analyzed.  
The GC/MS is calibrated following the outline below. Variations from this standard 
calibration scheme are sometimes necessary because of project reporting limit re-
quirements.   


8.2.2 As the reporting limit is driven by the lowest calibration point, any lowering of the 
RL will require either A) calibrating to a lower level of B) injection of more sample 
volume. 


8.2.3 Calibration Schemes 


The following calibration schemes have been successfully used, the actual scheme 
used should be tailored to the instrument and project requirements.   It is based on 
a 1 minute sampling period (1 minutes at 100 mls/min = 100 mls) 


Cal Levels (1 minute sampling time normalization) 


Cal level  - SIM Std Concentration, 
ppbv 


Sampling time, 
(min) 


Concentration, 
ppbv 


Level 1 0.5 0.2 0.1 


Level 2 0.5 1.0 0.5 


Level 3 0.5 2.0 1.0 


Level 4 5.0 1.0 5.0 


Level 5 5.0 5.0 25.0 


8.2.4 The curve can be shifted to be more or less sensitive by increasing or decreasing the 
sampling time.  Longer sampling time increases sensitivity, and vice versa.  


8.2.5 For the initial calibration a response factor (RF) and a percent relative standard devi-
ation (RSD) are calculated for each analyte.  


8.2.6 After a new calibration is performed the method needs to be saved with the correct 
filename.  The method name should be the date followed by an identifier. For exam-
ple, an ICAL performed on October 29, 2014 for client x shall be named 102914X.   


8.2.7 There must be at least 3 points to have a valid calibration curve.  The lowest point 
must be at or below the reporting limit. 


8.2.8 The %RSD for all compounds must be less than 30%. 


8.2.9 If the %RSD >30%, then a linear curve fit may be used as long as the curve fit >0.995. 


8.2.10 If the above requirements are not met, then a new initial calibration must be per-
formed.  If this does not result in an acceptable initial calibration then system 
maintenance may be necessary.   
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8.2.11 Calibrations are valid for one year (or until the end of the project, whichever occurs 
first) as long as QC continues to meet acceptance criteria. 


8.2.12 In the following instances, a new calibration shall be required: 


9.3.12.1 Major instrument maintenance such as cleaning the MS. 


9.3.12.2 Repeated failure to pass continued calibration criteria. 


8.2.13 If an analyzed sample falls above the calibrated range of the instrument, it should be 
diluted (if possible). 


8.3 Method Blanks – method blanks are required at a rate of one per day. Method blanks are 
analyzed to monitor possible instrument contamination.  Laboratory method blanks are pre-
pared with UHP nitrogen in a Tedlar bag every day samples are to be analyzed.  The method 
blank is carried through the same analytical procedure as a field sample. 


8.3.2 Method blanks are analyzed by injecting the full normalized volume of nitrogen (var-
ies by system) into the HAPSITE and following procedures outlined in section 9. 


8.3.3 The blank must not contain any target analyte at a concentration greater than the 
RL and must not contain additional compounds with elution characteristics and 
mass spectral features that would interfere with identification and measurement of 
a method analyte.  If target analytes are found in the method blank above the re-
porting limit, the source of the contamination must be considered.  Usually, re-run-
ning the blank will resolve most problems (especially if the sample run prior to the 
blank was high in target analyte concentration.)  If blank contamination is still pre-
sent, the analyst should perform system maintenance. Some common  problems  
that cause a blank to show contamination are: 


8.3.3.1 Cold spots - check heated zones for failure. 


8.3.3.2 Contaminated sample probe – flush the probe 


8.3.3.3 Dirty Tedlar bag - flush and refill the bag or use new bag. 


8.3.4 Note: In situations where expected concentrations are going to be significantly 
greater than the reporting limit and/or outdoor air, a background air sample may be 
substituted for nitrogen. 


8.4 Continuing Calibration Verifications (CCV) – a primary source standard analyzed at the be-
ginning of an analytical batch to ensure that the instrument continues to meet the instru-
ment sensitivity and linearity requirements originally established by the initial calibration.  


8.1 The opening calibration verification for each compound of interest shall be verified 
prior to sample analysis using the same introduction technique and conditions as 
used for samples. This is accomplished by analyzing one of the calibration standards 
used for initial calibration. 


8.1.1 Typical concentrations for calibration verification are at or below the mid-
point of the instrument calibration curve. 


8.2 No closing calibration check is required for TO-15 analysis. However, if time allows, 
it is good practice to analyze a closing calibration check to increase confidence in 
data quality.  


8.3 The %D for each compound may not exceed 30 percent.  
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8.4 Failure to pass continuing calibration criteria requires corrective action are per-
formed.  Repeated failure to pass response factor criteria requires the performance 
of a new initial calibration. 


9.0 Procedure 
9.0 Startup when the HAPSITE is received: 


9.0.1 Unpack the HAPSITE.  It is usually shipped with the power off and the mass spec 
pumped down.  Be sure that it has a significant amount of time (at least an hour, but 
overnight if possible) to warm up and equilibrate before use.   


9.0.2 Insert the carrier gas (or attach external supply) and internal standard gas cylinders.  
Verify that the sample trap has not broken during shipment. 


9.0.3 Plug the HAPSITE into an external power source.  The HAPSITE has an onboard bat-
tery, but it needs to be re-charged periodically.  


9.0.4 Attach the computer (turn on and start software).  Then push the power button on 
the HAPSITE.  The HAPSITE will go through a warm up routine, then a tune.  When 
prompted for a trap clean out, press ‘yes’ on the HAPSITE screen. 


9.0.5 Load the desired method on the HAPSITE screen and then denote this method as 
the default method. This is important because otherwise it will default to a different 
method at the end of each run and change zone temperature settings.  Note: All 
files (method, tune, data) reside on the HAPSITE not the PC. 


9.0.6 To keep data files in an orderly manner, it is recommended to create a new subdi-
rectory each day.  This can be done in the method editor (Data page) 


9.1 Startup from extended standby: 


9.1.1 Press power button 


9.1.2 Insert internal standard and carrier gas. 


9.1.3 Wait for instrument to warm up and run tune. 


9.2 Analytical standards and/or diluted samples in Tedlar bags are attached to the sample probe 
manifold with a compression fitting.  Ambient air samples are simply drawn directly into the 
probe.  Pressurized or evacuated sample or standard sources cannot be used as they will 
significantly change instrument response. 


9.3 Quantitation mode 


9.3.1 Using the method editor on the PC, verify that the desired sample time is set cor-
rectly in the method to be used for analysis.  Typically this will be 1 minute, but may 
differ depending on project requirements or dilutions.  Save the method. 


9.3.2 Load the appropriate quantitation method onto the HAPSITE.  This can either be 
done from the touch screen or the PC.  Be sure that the method is appropriate for 
the target compounds.  If necessary, sensitivity can be increased by using SIM to tar-
get the most important ions of interest 


9.3.3 Run the QC (either an ICAL or CV and blank).  Attach a Tedlar bag containing the 
standard or UHP blank gas to the sample probe.  Open the bag and press run on the 
HAPSITE.  Once QC has passed criteria then sample analysis can begin. 
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9.3.4 Attach a Tedlar bag containing the sample to the sample probe and press the run 
button on the HAPSITE.  Once the desired sample time has been completed, the 
Tedlar bag can be removed. 


9.3.5 Once the analysis is complete, allow the GC oven to cool, then inject the next sam-
ple. 


9.3.6 All of the sample and QC information for an analytical run such as lab and client 
sample IDs, injection volumes, standard IDs, and run methods, (etc.), are added to 
the field log 


9.4 Sample Dilution 


9.4.1 Any sample that has target analytes over the calibrated range of the instrument 
should be diluted if possible. The subsequent dilution should be run such that the 
final value of the maximum concentration analyte recovers within the calibrated 
range on the instrument (before dilution factors are applied).  


9.4.2 Required dilutions for HAPSITE analysis can be achieved in two different ways. 


9.4.2.1 Concentrator fill time: Inject a smaller sample volume.  Record all dilutions 
in the field form.  For example, normalized to a 1 minute fill time (100 mls), 
a dilution of 5x can be performed by only sampling for 0.2 minute (20 mls). 
Using the method editor on the PC, set the desired sample time in the 
method to be used for analysis.  Save the method.  Then load the appropri-
ate quantitation method onto the HAPSITE.  This can either be done from 
the touch screen or the PC 


9.4.2.2 Tedlar bag dilution: Take a sample with a syringe and inject it into a Tedlar 
bag with a known volume of clean air.  Attach the bag to the instrument 
sampling port and withdraw an aliquot.  The aliquot can be less than the 
normalized value (as in the section before).  Both the Tedlar bag dilution 
factor and concentrator fill injection factors are applied to the final instru-
ment result. 


9.5 At the end of the day, put the HAPSITE into external standby and remove carrier gas and 
ISTD if the instrument is going to be used again next day.  Otherwise the HAPSITE can be 
powered off. 


______________________________________ ____________________ 


SOP Approval Signature Date 
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Tables 


Table 1: Method Analytes (SIM Mode, 1 minute fill time) 


Reporting limit 
Standard Analytes      ug/m3 
1,1,1-Trichloroethane 2.8 
cis-1,2-Dichloroethene 2.0 
Tetrachloroethene 3.5 
trans-1,2-Dichloroethene 2.0 
Trichloroethene 2.8 
Vinyl chloride 1.3 


*All reporting limits are subject to change on a client specified basis as requested by that client.
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VOLATILE ORGANIC COMPOUNDS 


1) Scope and Applicability 


1.1 This SOP is used to determine volatile organic compounds in a variety of solid waste 
matrices, including groundwater, wastewater, and solids.  These compounds have low 
boiling points and include low-molecular weight halogenated hydrocarbons, aromatics, 
ketones, nitriles, acetates, acrylates, ethers, and sulfides.   


1.2 Volatile water-soluble compounds, such as alcohols and 1,4-dioxane, can be included 
in this technique, but detection limits will be higher than water insoluble compounds.   


1.3 Various techniques exist for the introduction of these compounds into the GC/MS 
system. The more common techniques for volatile organic analytes are the purge-and-
trap methods (Method 5030C for aqueous samples) and closed system Method 5035A 
for solid and waste oil samples. See SOP HN-PT-004, Purge and trap by Method 5035A 
for detailed information. 


 
1.3.1 Low Level Soil closed system purge and trap (SW-846 5035A): The low-level 


soil method utilizes a closed loop sampling system and is applicable to a 
concentration range of 5 to 100µg/kg range. The closed system equipment 
employed for low concentration samples is not appropriate for soil samples 
preserved in the field with methanol.   


1.3.2 Medium/High concentration soil method (SW-846 5035A): The medium/high 
soil method is applicable to soils and other solid samples containing VOC 
concentrations greater than 100µg/kg. 


1.3.3 High concentration oily waste method:  The high concentration method is 
applicable to oily samples containing VOC concentrations greater than 
100µg/kg and which can be diluted in a water-miscible solvent (e.g. 
methanol).  This procedure is appropriate for such samples when they are 
soluble in a water-miscible solvent.  


2) Summary of Procedure 


2.1 Volatile compounds are introduced into the gas chromatograph by the purge-and-trap 
method. The purge-and-trap process involves an inert gas bubbling through the 
sample where the volatile components are efficiently transferred to the vapor phase. 
The vapor is swept through a column where the volatile components are trapped.  
After purging is completed, the trapping material is heated and flushed with inert gas 
to desorb the components onto a GC column. The GC column is heated to elute the 
components, which are detected with a mass spectrometer.  


2.2 This SOP is based upon and compliant with SW846-8260B/5030C/5035A. 


2.3 The method detection limits (MDL) and practical quantitation limits (PQL) for individual 
compounds are documented in the applicable LIMS test code. MDL/PQLs will be 
proportionately higher for sample extracts and samples that require dilution or 
reduced sample size.  


3) Definitions 


3.1 GC/MS: Gas Chromatograph/Mass Spectrometer  


3.2 Organic Free Water: Deionized (DI) reagent water meeting purity characteristics of 
ASTM Type II laboratory distilled water (daily resistivity > 10.0 mohm-cm). For 
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additional purification before use, the DI water may be purged using ultra-pure 
nitrogen.  


3.3 Laboratory Control Sample (LCS): An analyte-free matrix spiked with known 
concentrations of all target analytes. This is used to evaluate and document laboratory 
method performance. 


3.4 Matrix: The component or substrate (e.g., surface water, groundwater, soil) which 
contains the analyte of interest.  


3.5 Matrix Spike (MS): An aliquot of background sample spiked with a known 
concentrations of all target analytes. The spiking occurs prior to sample preparation 
and analysis. A matrix spike is used to assess the bias of a method in a given sample 
matrix.  


3.6 Matrix Spike Duplicate (MSD): A duplicate aliquot of the background sample spiked 
with a known concentrations of all target analytes. Spiking occurs prior to sample 
preparation and analysis. The MS/MSD pair are used to assess precision and bias of a 
method in a given sample matrix.  


3.7 Method Blank: An analyte-free matrix to which all reagents are added in the same 
volumes or proportions as used in sample processing. The method blank is carried 
through the complete sample preparation and analytical procedure. The method blank 
is used to document contamination resulting from the analytical process.  


3.8 Surrogate: An organic compound which is similar to the target analyte(s) in chemical 
composition and behavior in the analytical process, but which is not normally found in 
environmental samples.  


3.9 Sporadic Marginal Exceedence (SME):  Statistical probability that a set number of data 
points will fall outside the normal gaussian distribution curve when evaluated against a 
multi-component system.  


3.10 Extracted Ion Current Profile (EICP): A plot of ion abundance versus time or scan 
number. 


3.11 Limit of Quantitation (LOQ): The minimum levels, concentrations, or quantities of a 
target variable (e.g., target analyte) that can be reported with a specified degree of 
confidence. The LOQ is also referred to as the method quantitation limit (MQL) or the 
reporting limit (RL).  


3.12 Limit of Detection (LOD): an estimate of the minimum amount of a substance that an 
analytical process can reliably detect.  An LOD is analyte- and matrix-specific and may 
be laboratory-dependent. 


3.13 Method Detection Limit (MDL) study: the procedure, as described in 40CFR part 136, 
for determining the LOD based on statistical analysis of 7 low-level replicate spikes.  


4) Health and Safety Warnings 


4.1 Lab Safety: Due to various hazards in the laboratory, safety glasses and laboratory 
coats or aprons must be worn at all times while in the laboratory.  In addition, gloves 
and a face shield should be worn when dealing with toxic, caustic, and/or flammable 
chemicals.   


4.2 Chemical Hygiene: The toxicity or carcinogenicity of each reagent used has not been 
precisely defined; however, each chemical used should be treated as a potential health 
hazard. Exposure to laboratory reagents should be reduced to the lowest possible 
level. The laboratory maintains a current awareness file of OSHA regulations regarding 
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the safe handling of the chemicals specified in this method. A reference file of data 
handling sheets (MSDS) is available to all personnel involved in these analyses.   


4.3 Waste Management: The principal wastes generated by this procedure are the method-
required chemicals and standards. It is the laboratory's responsibility to comply with 
all federal, state, and local regulations governing waste management by minimizing 
and controlling all releases from fume hoods and bench operations. Compliance with 
all sewage discharge permits and regulations is required.  Laboratory procedures in 
SOP HN-SAF-001, Waste Disposal Procedures, must be followed. 


4.4 Pollution Prevention: The materials used in this method pose little threat to the 
environment when recycled and managed properly. The quantities of chemicals 
purchased should be based on the expected usage during its shelf life. Standards and 
reagents should be prepared in volumes consistent with laboratory use to minimize 
the volume of expired standards or reagents to be disposed.  


5) Cautions 
5.1 All samples must be stored refrigerated or frozen depending on the preservative 


before and after analysis.   


5.2 Volatile samples should be screened when possible to avoid contamination of the 
purge-and-trap system by samples containing very high concentrations of volatile 
organics.  


5.3 Routine preventative maintenance must be performed as scheduled and documented 
to assure optimum instrument performance. (Refer to SOP HN-EQ-004 for additional 
information.)   


6) Interferences 


6.1 Major contaminant sources are volatile materials in the laboratory and impurities in the 
inert purging gas and in the sorbent trap. The use of non-polytetrafluoroethylene 
(PTFE) thread sealants, plastic tubing, or flow controllers with rubber components 
should be avoided, since such materials out-gas organic compounds which will be 
concentrated in the trap during the purge operation. 


6.2 At high desorption temperatures thermal decomposition products such as 
chloromethane, bromomethane, and iodomethane can be formed due to degradation 
or contamination on the analytical trap, especially with the addition of methanol in 
medium-high level soils.  When levels of these compounds rise above the target 
detection limits, the analytical trap on the concentrator should be replaced and the 
instrument should be recalibrated to ensure that the trap was not a source of 
contamination.   


6.3 Methyl acetate and ethyl acetate artifacts may be formed with the addition of methanol 
in medium-high level soils.  Additionally, an artifact is sometimes observed for acetone 
in the acidification of certain soils with sodium bisulfate that may cause the formation 
of acetone. 


6.4 Matrix interferences may vary considerably from source to source, depending upon the 
particular sample or extract being tested. The analytical system should be checked to 
ensure freedom from non-sample related interferences by analyzing method blanks.  


6.5 Contamination may occur when a sample containing low concentrations of volatile 
organic compounds is analyzed immediately after a sample containing high 
concentrations of volatile organic compounds. If a sample saturates the system and 
the sample immediately following has hits for the same compound(s) that saturated 







VOC by 8260B 
 HN-VMS-003-R07 
 Effective: 08/03/2015 
 Page 4 of 34 


R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  


STANDARD OPERATING PROCEDURE 


the system at a level = 5xPQL, the second sample must be reanalyzed to determine if 
carryover occurred.  If the sample immediately following the sample that saturates the 
system is non-detect, no carryover has occurred and the sample may be reported. 


6.6 Chloromethane may be lost if the purge flow is too fast.  Bromoform may be lost if the 
purge flow is too slow or the transfer line has cold spots/active sites.  
Tetrachloroethane and 1,1-dichloroethane may deteriorate due to contamination 
and/or active sites in the purge and trap system. 


6.7 Special precautions must be taken when analyzing for methylene chloride or other 
common laboratory contaminants. (The analytical and sample storage area should be 
isolated from all atmospheric sources of common volatile solvents. All gas chroma-
tography carrier gas lines and purge gas plumbing should be constructed from 
stainless steel or copper tubing. Laboratory clothing worn by analysts should be 
maintained in a solvent free environment.) The laboratory where volatile analysis is 
performed should be completely free of solvents. 


6.8 Impurities in the purge gas and/or organic compounds out-gassing from the plumbing 
may account for a significant number of contamination problems. The analytical 
system must be demonstrated to be free from contamination under the conditions of 
the analysis by running reagent blanks. The use of non-Teflon plastic coating, non-
Teflon sealants, or flow controllers with rubber components in the purging device 
should be avoided.  


6.9 In some situations, baking out the column between analyses may eliminate 
contamination.  A portion of the analytical column may need to be removed in the case 
of extreme contamination. The use of direct injection will result in the need for more 
frequent instrument maintenance. If hexadecane is added to waste samples or 
petroleum samples that are to be analyzed, some chromatographic peaks will elute 
after the target analytes. The oven temperature program must include a post-analysis 
bake out period to ensure that semi-volatile hydrocarbons are volatilized. 


7) Personnel Qualifications and Responsibilities 


7.1 General Responsibilities - This method is restricted to use by or under the supervision 
of analysts experienced in the method. 


7.2 Analyst - It is the responsibility of the analyst(s) to: 


  
7.2.1 Each must read and understand this SOP and follow it as written. Any 


deviations or non-conformances must be documented and submitted to the 
QA Manager for approval.  


7.2.2 Produce method compliant data that meets all quality requirements using this 
procedure and the Data Reduction, Review and Validation SOP (HN-QS-009).  


7.2.3 Complete the required initial demonstration of proficiency before performing 
this procedure without supervision. 


7.2.4 Complete an ongoing demonstration of proficiency annually when continuing 
to perform the procedure. 


7.2.5 The analysts must submit data for peer or supervisor review. 


7.3 Section Supervisor - It is the responsibility of the section supervisor to: 


 
7.3.1 Ensure that all analysts have the technical ability and have received adequate 


training required to perform this procedure. 
7.3.2 Ensure analysts have completed the required initial demonstration of 
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proficiency before performing this procedure without supervision.  
7.3.3 Ensure analysts complete an ongoing demonstration of proficiency annually 


when continuing to perform the procedure. 
7.3.4 Ensure analysts produce method compliant data that meet all quality 


requirements using this procedure and the Data Reduction, Review and 
Validation SOP.  


7.4 Project Manager - It is the responsibility of the Project Manager to ensure that all 
method requirements for a client requesting this procedure are understood by the 
laboratory prior to initiating this procedure for a given set of samples. 


7.5 QA Manager: The QA Manager is responsible for 


  
7.5.1 Approving deviations and non-conformances  
7.5.2 Ensuring that this procedure is compliant with method and regulatory 


requirements,  
7.5.3 Ensuring that the analytical method and SOP are followed as written through 


internal method and system audits. 


8) Sample Collection, Handling, and Preservation 


8.1 Aqueous samples for volatile organic analysis should be received in 40 mL VOA vials 
with Teflon lined septa lids and no headspace. If headspace is observed (greater than 
pea-sized), the condition must be noted in the report.  


8.2 Aqueous VOC vials must be retained in a dedicated refrigerator (4°C) segregated from 
sources of possible cross contamination.  


8.3 Analysis of aqueous matrices must be performed within 14 days of time of sample 
collection if the sample is acidified (pH <2).  Unpreserved samples must be analyzed 
within 7 days of collection.  The pH of water samples must be recorded upon 
completion of analysis to verify proper preservation.  


8.4 The TCLP leachate procedure must be performed within 14 days of collection and VOA 
analysis must be completed within 14 days of the filtration of the TCLP leachate (if 
acidified, otherwise 7 days if unpreserved).  


8.5 Analysis of solid matrices must be completed within 14 days of sample collection if 
they are preserved and 48 hours if they are not preserved.  If samples are received 
unpreserved, the laboratory must make every effort to preserve the sample within 48 
hours of collection time and must document the date, time, and method of 
preservation.  Laboratory preserved samples may be analyzed within 14 days of 
sample collection. 


  
 


Volatile Organics Sample Collection, Preservation and Hold Time  
Sample Matrix Container Preservative Holding Time 


Volatiles  
(aqueous matrix) 
SW 5030/8260B 


G – 3 x 40 mL 
with  no headspace  


4°C; HCl to pH<2 14 days 


Volatiles,  Unpreserved 
(Aqueous Matrix) 


3 x 40 mL vials with 
teflon lined lids 


Cool 4°C  7 Days 


Volatiles 
(low level soil by 5035A, 


where soil likely 
contains VOCs < 100 


Collect sample using  
approved coring device 


(EnCore, etc) or field 
preserve each  ~5 gram 


4°C; or freeze samples to 
<–7°C to >-20°C as an 


alternative to 
preservation with sodium 


48 hrs to transfer 
contents of core device 
to a 40 mL VOA vial , 


containing 5mL of 
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Volatile Organics Sample Collection, Preservation and Hold Time  
Sample Matrix Container Preservative Holding Time 


ppb)  sample in pre-tared 40 mL 
VOA vials, containing 5mL 
of organic free water, 1g 
sodium bisulfate & stir 


bar   


bisulfate as a means to 
inhibit biodegradation.   


organic free water,  1g 
sodium bisulfate & stir 


bar;  analyze 
transferred sample 14 
days from collection   


Volatiles 
(medium-high level soil 
by 5035A, where soil 


may contain VOCs >100 
ppb)  


Collect sample using  
approved coring device 
(EnCore, etc)  or field 


preserve samples in pre-
tared 40 mL glass VOA 


vials  with methanol 


4°C; or freeze samples to 
<–7°C to >-20°C as an 


alternative to 
preservation with 


methanol as a means to 
inhibit biodegradation. 


 48 hrs to transfer 
contents of core device 
to a 40 mL VOA vial , 
containing 10 mL of 
purge and trap grade 
methanol;   analyze 
methanol preserved 
sample 14 days from 


collection  
Volatiles 


(aqueous matrix with 
residual chlorine) 


 


G – 3 x 40 mL vials with 
teflon lined lids,  


with  no headspace 


Collect sample in 3x 
40ml vials containing 
0.4g ascorbic acid.  


Preserve with HCL to pH 
<2, Cool 4oC. 


14 Days 


Volatiles, Bulk Solid 
Samples (not permitted 


some jurisdictions) 


4 oz widemouth glass jar 
with teflon-lined lid 


4°C; or freeze samples to 
<–7°C to >-20°C as an 


alternative to 
preservation with 


methanol as a means to 
inhibit biodegradation. 


48 hours to preserve in 
methanol, freeze to <–


7°C to >-20°C, or 
analyze.  Analyze 
preserved sample 
within 14 days of 


collection. 


9) Equipment and Supplies 


9.1 Syringe:  10 mL, 5 mL, 1 mL, 1 µL, 5 µL, 10 µL, 50 µL, 100 µL, 500 µL gas-tight 
Hamilton, SGE, or equivalent. 


9.2 Balances:  Analytical, capable of accurately weighing 0.0001 grams, and a top-loading 
balance capable of weighing 0.01 grams.  


9.3 Glass vials:  40-mL, with screw cap and TeflonTM liners or glass culture tubes with a cap 
and TeflonTM liner.  


9.4 Volumetric flasks: 5 mL, 10 mL, 50 mL, and 100 mL class A with ground glass 
stoppers.  


9.5 Spatula:  Stainless steel.  


9.6 Disposable pipettes:  Pasteur, 2 mL 


9.7 Archon, Atomx, or Evolution auto-sampler with sample heater, stirring mechanism, and 
online surrogate addition. 


9.8 Heater: Capable of maintaining the purging chamber to within ± 1oC over the 
temperature range of ambient to 40oC.  


 







VOC by 8260B 
 HN-VMS-003-R07 
 Effective: 08/03/2015 
 Page 7 of 34 


R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  


STANDARD OPERATING PROCEDURE 


9.9 Purge and trap device:  The purge and trap consists of a sample purging device and a 
trap. Several complete devices are commercially available.  


 
9.9.1 Purge device: The recommended purging chamber is designed to accept 5 


mL samples with a water column at least 3 cm deep. The purge gas must 
pass through the water column as fine bubbles with a diameter of less than 
3 mm at the origin. The purge gas must be introduced no more than 5 mm 
from the base of the water column. Alternate sample purge devices may be 
utilized, provided equivalent performance is demonstrated.   


9.9.2 Traps: Supelco 9 trap (proprietary), Supelco K (VOACARB 3000), or 
equivalent. 


9.10 GC Column  
 


9.10.1 Restek Rtx-624 – 20 M x 0.18 mm I.D., 1 µm film thickness (or equivalent). 
9.10.2 Restek Rxi-624Sil – 20 M x 0.18 mm I.D., 1 µm film thickness (or equivalent). 
9.10.3 Restek Rtx-624 – 30 M x 0.25 mm x 1.4 µm film thickness (or equivalent) 
9.10.4 Restek Rxi-624Sil – 30 M x 0.25 mm x 1.4 µm film thickness (or equivalent) 
9.10.5 Zebron ZB-624 – 30 M x 0.25 mm x 1.4 µm film thickness (or equivalent) 


9.11 Mass Spectrometer:  Capable of scanning from 35-270 amu every 1 second or less, 
using 70 eV (nominal) electron energy in the electron impact mode.  


9.12 Gas Chromatograph: Agilent 6890 or 7890 series (or equivalent)    


9.13 Data System: Data system capable of allowing the continuous acquisition and storage 
on machine-readable media of all mass spectra obtained throughout the duration of 
the chromatographic program. The data system must be equipped with software that 
allows searching any GC/MS data file for ions of a specified mass and plotting such ion 
abundances versus time or scan number. 


10) Standards and Reagents 


10.1 Methanol (MeOH) - Purge and trap quality or equivalent. 


10.2 Stock BFB (4-bromofluorobenzene) @ 2,000 ug/mL (available from Ultra Scientific) or 
equivalent 


10.3 BFB Tune Solution @ 25 ug/mL:  
 
10.3.1 Add approximately 5mL of P&T grade methanol to a Class A 10.00 mL 


volumetric flask. 
10.3.2 Add 125 uL of the BFB stock solution (Section 10.2) to the flask. 
10.3.3 Bring to a final volume of 10.00 mL.  
10.3.4 Transfer to an appropriately labeled container. 
10.3.5 Solution should be discarded every six months or if degradation is noted.  


Expiration date cannot exceed that of the parent stock. 


10.4 VOC Stock Surrogate/Internal Standard Solution @ 2500 ug/mL: Containing 
dibromofluoromethane, toluene-d


8
, 4-bromofluorobenzene, 1,2-dichloroethane-d


4,
 


pentafluorobenzene, 1,4-difluorobenzene, 1,4-dichlorobenzene-d
4,
 Ethyl Acetate-d


8,
 and 


chlorobenzene-d
5
 (available from Restek) or equivalent. 


10.5 VOC Spiking (SS/IS) Solution @ 100 ug/mL (for 1 uL autosampler additions):  
 


10.5.1 Add approximately 15 mL of P&T grade methanol to a Class A 25.00 mL 
volumetric flask. 
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10.5.2 Add 1 mL of Stock SS/IS Solution (Section 10.4) to the flask. 
10.5.3 Bring to a final volume of 25.00 mL.    
10.5.4 Transfer to an appropriately labeled container and store as noted in Section 


10.9. 
10.5.5 Solution should be replaced monthly or whenever degradation is noted.  


Expiration date cannot exceed that of the parent stock. 


10.6 VOC Spiking (SS/IS) Solution @ 20 ug/mL (for 5 uL autosampler additions): 
 
10.6.1 Add approximately 5 mL of P&T grade methanol to a Class A 10.00 mL 


volumetric flask. 
10.6.2 Add 2.00 mL of the VOC SS/IS Solution (Section 10.5) 
10.6.3 Bring to final volume with P&T grade methanol 
10.6.4 Transfer to an appropriately labeled container and store as noted in Section 


10.9.  
10.6.5 Solution must be replaced monthly or whenever degradation is noted. 


Expiration date cannot exceed that of the parent stock. 


10.7 VOC Calibration Stock Solutions 
 


10.7.1 VOC Gas Stock Solution @ 200 ug/mL: Available from Restek (#30439) or 
equivalent. 


10.7.2 1-4 Dioxane, neat  
10.7.3 VOC Gas Working Solution @ 40 ug/mL (see Table 21.1): 


 
10.7.3.1 Add approximately 2.00 mL of P&T grade methanol to a Class A 


5.00 mL volumetric flask.  
10.7.3.2 Add 1.00 mL of the VOC Gas Stock (Section 10. 7.1). 
10.7.3.3 Add 19 uL 1-4 Dioxane (Section 10.7.2) 
10.7.3.4 Bring to a final volume of 5.00 mL with P&T grade methanol. 
10.7.3.5 Transfer to an appropriately labeled container and store as 


noted in Section 10.9. 
10.7.3.6 Solution must be replaced weekly or whenever degradation is 


noted.  Expiration date of this working solution cannot exceed 
that of its parent stock. 


 
10.7.4 VOC 8260B Calibration Mix #1 @ 2000 ug/mL: Available from Restek 


(#30633) or equivalent. 
10.7.5 Acrolein @ 5000 ug/mL : (available from Restek 30645) or equivalent. 
10.7.6 2-chloroethyl vinyl ether: @ 2000 ug/mL in MeOH (available from 


AccuStandard) or equivalent. 
10.7.7 Custom Volatiles Standard @ 400-4000 ug/mL: Available from Restek 


(#568206) or equivalent. 
10.7.8 1-Methylnapthalene @ 2000 ug/mL: Available from Absolute Standards 


(#90628) 
10.7.9 VOA Main Mix @ 40 ug/mL: (see Table 21.2) 


 
10.7.9.1 Add approximately 5 mL of P&T grade methanol to a 10.00 mL 


Class A volumetric flask. 
10.7.9.2 Add 200 uL of 8260B Calibration Mix #1 (Section 10.7.4). 
10.7.9.3 Add 80 uL of Acrolein (Section 10.7.5). 
10.7.9.4 Add 200 uL of 2-chloroethyl vinyl ether (Section 10.7.6). 
10.7.9.5 Add 1.00 mL of Volatiles Mix (Section 10.7). 
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10.7.9.6 Add 200 uL of 1-Methylnapthalene (Section 10.7.8) 
10.7.9.7 Bring to a final volume of 10.00 mL with P&T grade methanol. 
10.7.9.8 Transfer to an appropriately labeled container and store as 


noted in Section 10.9. 
10.7.9.9 Solution must be replaced biweekly or if degradation is noted.  


Expiration date cannot exceed that of any parent stock. 
 


10.7.10 VOA Cal Mix #1 @ 5000 ug/mL: Available from Restek (#30006) or 
equivalent. 


10.7.11 8260B Acetates Mix @ 2000 ug/mL: Available from Restek (#30489) or 
equivalent. 


10.7.12 California Oxygenates Mixture #1 @ 2000-10000 ug/mL: Available from 
Restek (#30465) or equivalent. 


10.7.13 Cyclohexanone: available as a neat standard from Aldrich (or equivalent). 
10.7.14 VOA ADDS Mix @ 40-200 ug/mL: (see Table 21.3) 
 


10.7.14.1 Add approximately 4 mL of P&T grade methanol to a 10.00 mL 
Class A volumetric flask. 


10.7.14.2 Add 80 uL of VOA Cal Mix #1 (Section 10.7.10). 
10.7.14.3 Add 200 uL of 8260B Acetates Mix (Section 10.7.11). 
10.7.14.4 Add 200 uL of California Oxygenates Mixture #1 (Section 


10.7.12). 
10.7.14.5 Add 2.11 uL of Cyclohexanone (Section 10.7.13). 
10.7.14.6 Bring to a final volume of 10.00 mL with P&T grade methanol. 
10.7.14.7 Transfer to an appropriately labeled container and store as 


noted in Section 10.9. 
10.7.14.8 Solution must be replaced biweekly or if degradation is noted.  


Expiration date cannot exceed that of its parent stock. 
 


10.7.15 Initial Calibration Solutions 
 


10.7.15.1 Preparation for Aqueous and Medium-High Level Soil Samples: 
 


Fill a 100.00 mL volumetric flask with DI water near mark.  Add the following 
amounts of the three Calibration Solutions (Section 10.7.3, 10.7.9, & 
10.7.14) and methanol and bring to final volume.  Cap, mix well, and 
transfer to two 40 mL VOA vials with no headspace.  These additions will 
yield a final concentration of analytes as follow: 


 
Std. Addition (uL)   Methanol Addition (uL) Analyte Conc. (ug/L) 


 
1.0      747     0.4  


   1.5      745.5    0.6  
   5.0      735    2  
   10       720    4  
   25       675    10  
   100      450    40  
   175      225    70  
   250      0    100  
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10.7.15.2 Preparation for Low Level Soil Samples: 
 


Add 5 g of Ottawa sand to a 40 mL VOA vial containing 5 mL of organic free 
water.  Add the appropriate amount of preservative if required (see Section 
8.5). Tightly cap.  Spike the following amounts of the three calibration 
solutions (Section 10.7.3, 10.7.9, & 10.7.14) and methanol.  These additions 
will yield a final concentration of analytes as follow: 
 


Std. Addition (uL)  Methanol Addition (uL) Analyte Conc. (ug/L) 
 


0.10     37.2     0.8 
   0.25     36.75    2.0  
   0.50     36.00    4.0  
   1.0      34.5    8.0  
   2.5      30.0    20  
   5.0    22.5    40  
   8.75     11.25    70  
   12.5     0    100  


10.8 VOC Laboratory Control Standard (LCS)  
 


10.8.1 VOC LCS Mixture A @ 200 ug/mL (Ultra Scientific DWM-580) or equivalent. 
10.8.2 VOC LCS Mixture B @ 2000 ug/mL (Ultra Scientific DWM-592) or equivalent. 
10.8.3 LCS Custom Standard @ 100ug/ml: Containing Cyclohexane, 


Methylcyclohexane, and 1,2,3-Trimethylbenzene (Accustandard S-22852) or 
equivalent. 


10.8.4 Oxygenates Standard @ 2000-10000 ug/mL (Restek 30619) or equivalent.   
10.8.5 VOC Working LCS Solution @ 20-100 ug/mL (for aqueous matrices and low 


level soils) (See Table 21.4): 
 


10.8.5.1 Add approximately 5 mL of P&T grade methanol to a 10.00 mL 
Class A volumetric flask. 


10.8.5.2 Add 1000 uL of VOC LCS Mixture A (Section 10.8.1). 
10.8.5.3 Add 100 uL of VOC LCS Mixture B (Section 10.8.2). 
10.8.5.4 Add 1000 uL of LCS Custom Standard (Section 10.8.3). 
10.8.5.5 Add 100 uL of Oxygenates Standard (Section 10.8.4). 
10.8.5.6 Bring to a final volume of 10.00 mL with P&T grade methanol. 
10.8.5.7 Transfer to an appropriately labeled container. 
10.8.5.8 Solution must be replaced biweekly or if degradation is noted.  


Expiration date cannot exceed that of its parent stock. 
 


10.8.6 LCS Preparation (for aqueous matrices) 
 


10.8.6.1 Add DI water to a 50.00 mL volumetric flask near mark. 
10.8.6.2 Add 325 uL P&T grade methanol. 
10.8.6.3 Add 50.00 uL of standard from Section 10.8.5. 
10.8.6.4 Bring to final volume and mix. 
10.8.6.5 Transfer contents to 1 40mL VOA vial. 


 
10.8.7 LCS Preparation (for low level soils) 


 
10.8.7.1 Add 5 g of clean sand to 5 mL of deionized water in a 40 mL 


VOA vial containing a stir bar. 
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10.8.7.2 Add 32.5 uL of P&T grade methanol. 
10.8.7.3 Add 5 uL LCS Mix (Section 10.8.5).  


 
10.8.8 Matrix Spike and Matrix Spike Duplicate (MS/MSD) 


 
10.8.8.1 MS/MSD preparation (for aqueous matrices) 


 
10.8.8.1.1 Spike 260 uL of P&T grade methanol through the 


septum of a 40 mL VOA vial containing the MS 
sample. 


10.8.8.1.2 Spike 40 uL of VOC Working LCS Solution (Section 
10.8.5). 


10.8.8.1.3 Invert the sample a minimum of 3 times. 
 


10.8.8.2 MS/MSD preparation (for low level soils/sediments) 
 


10.8.8.2.1 Spike 32.5 uL of P&T grade methanol through the 
septum into a 40 mL VOA vial containing 5 g of 
sample in 5 mL of water and preservative if necessary 
(see Section 8.5). 


10.8.8.2.2 Spike 5 uL LCS Mix through the septum (Section 
10.8.5).   


 
10.8.8.3 MS/MSD preparation (for medium-high level soils/sediments) 


 
10.8.8.3.1 Add 50 uL of Working LCS Solution (10.8.5) to 1mL 


methanol extract (Section 12.1.2.2.10) and dilute to 
50mL with reagent grade water. 


10.9 Standards - Misc:  
 
10.9.1 All purchased stock standards and prepared standards must be stored at -


10°C to -20°C.  
10.9.2 All stock standards must be purchased from an approved vendor 


(AccuStandard, Restek, Supelco, Ultra, etc.).  
10.9.3 All purchased standards and reagents purchased must be logged into the 


Chemical Inventory Logbook.  
10.9.4 All prepared standards and reagent must be logged into the area designated 


Standard/Reagent Preparation Logbooks. Refer to the current revision of SOP 
HN-QS-001.  


10.9.5 Purchased VOC Stock Solutions must be replaced on or before the 
documented expiration date. 


10.9.6 All solvents, acids, preservatives, and reagents must be verified for purity 
prior to being used. 


10.9.7 All organic extractable spike solutions must undergo documented 
verification (e.g. concentration and direct injection) prior to being used to 
prepare samples.  The acceptance criterion for drift is 80-120%. 


10.9.8 Logbooks, databases, and Certificates of Analysis must be employed in order 
to enable traceability of all prepared spike solutions, calibrations standards, 
and prepared reagents back to the reference materials utilized, including 
acid and solvent lot numbers. 
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11) Method Calibration 
11.1 System Parameters: 


 
11.1.1 Aqueous samples are purged via Method 5030C. Medium-High Level solids 


are extracted via Method 5035A and purged via Method 5030C. 
11.1.2 Low Level solids are purged via Method 5035A.  See SOP HN-PT-004 for more 


details. 
11.1.3 Purge and Trap Concentrator- Recommended parameters: 
 


Purge Conditions 


 Stratum Atomx Evolution Velocity 


Purge 
Flow 40 mL/min 40 mL/min 40 mL/min 40 mL/min 


Purge 


11 min.  
Waters-ambient 
Low Level Soils-


40oC 


11 min.  
Ambient 


11 min.  
Waters- ambient-35 


oC 
Low Level Soils-


40oC 


11 min.  
Waters-ambient 
Low Level Soils-


40oC 


Desorb 1 min. @ 250oC 2 min. @ 250oC 0.5 min. @ 260oC 2 min. @ 250oC 


 
Bake 5 min. @ 280oC 6 min. @ 280oC 6 min. @ 265oC 6 min. @ 280oC 


  
11.1.4 Gas Chromatograph – Recommended parameters: 
 


GC System Conditions 
System/Condition: Agilent 6890/5973 Agilent 6890-7890/5975 
MS Source Temp: 230oC 230oC 


He carrier gas flow: He flow : ~50 mL/min He flow : ~50 mL/min 
Initial pressure: ~7.16 psi;  split  ratio 50:1 ~14-19.7 psi;  split  ratio 50:1 


GC Oven Temp Program : 


Initial  Temperature: 4 min @ 35oC 4-5 min @ 35-40oC 


Temp Ramp Rate: 15oC / min to 200oC (3 min 
hold) 5oC / min to 50oC (no hold) 


Final  Ramp Rate: N/A 15oC / min to 200oC (0-1 min 
hold) 


Final Temperature 200oC 200oC 
Maximum temperature 240oC 240oC 


 
11.1.5 Quant Ions for Compound Identification 


 
VOC Quant Ions 
Compound Primary Secondary Tertiary Quaternary 


Pentafluorobenzene 168 99     
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Dichlorofluoromethane 67 69 66   
Dichlorodifluoromethane 85 87 50   
Chloromethane 50 52     
Vinyl chloride 62 64     
Bromomethane 96/94 94/96 79   
Chloroethane 64 66 49   
Trichlorofluoromethane 101 103 66   
Ethyl ether 59 74     
Acrolein 56 55     
1,1-Dichloroethene 61 96 98   
1,1,2-Trichlorotrifluoroethane 151 153 101   
Methyl iodide 142 127 141   
Acetone 43 58     
Chloroprene 53 88 52   
Carbon disulfide 76 78     
Allyl Chloride 41 39 76   
Methyl Acetate 43 74 42 59 
Acetonitrile 41 40 39 38 
Methylene chloride 49 84 86   
trans-1,2-Dichloroethene 61 96 98   
t-Butanol 41/59 43/41 59/43 57 
Acrylonitrile 53 52     
Methyl tert-butyl ether 73 57     
Hexane 57 86 43   
1,1-Dichloroethane 63 65 83   
Diisopropyl Ether 45 43 87   
Vinyl acetate 43/86 86/43     
Ethyl tert butyl ether 59 87 57   
2,2-Dichloropropane 77 41 79   
cis-1,2-Dichloroethene 61 96 98   
2-Butanone 43 72 57   
Ethyl Acetate 43 61 88   
Methyl Acrylate 55 85 58   
Propionitrile 54 55 52 40 
Bromochloromethane 49 130 128   
Tetrahydrofuran 42 72 71   
Methacrylonitrile 41 67 39 52 
Chloroform 83 85 47   
Cyclohexane 56 84 41 55 
1,4-Difluorobenzene 114 63 88   
1,1,1-Trichloroethane 97 99 117   
Dibromofluoromethane 111 113 192   
Carbon tetrachloride 117/119 119/117 121   
1,1-Dichloropropene 75 110 77   
2,2,4-Trimethylpentane 57 56 41 43 
1,2-Dichloroethane-d4 65 102     
1,2-Dichloroethane 62 98 64   
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Benzene 78 52 77   
Tertiaryamylmethylether 73 43 55   
Isobutyl Alcohol 43 41 42/74 74 
Heptane 43 41 57 71 
1,4-Dioxane 88 58     
Methylcyclohexane 83 55 41 98 
Trichloroethene 130 95 97   
1,2-Dichloropropane 63 62 41   
Dibromomethane 93 95 81   
Methyl methacrylate 41 69 39 100 
Bromodichloromethane 83 85 129   
2-Chloroethyl vinyl ether 44/43/63 44/43/65/63 63/44/106 65 
2-Nitropropane 43 41 39 46 
cis-1,3-Dichloropropene 75 77     
Chlorobenzene-d5 117 82 119   
4-Methyl-2-pentanone 43 58 100   
Toluene-d8 98       
Toluene 91 92 65   
trans-1,3-Dichloropropene 75 77     
Chloropicrin 117 119 82/121 82 
Ethyl methacrylate 69 41 99   
1,1,2-Trichloroethane 97 83 85   
Tetrachloroethene 166 129 164   
1,3-Dichloropropane 76 78     
2-Hexanone 43 58 57   
Chlorodibromomethane 129 127 131   
Butyl Acetate 43 56 73 41 
1,2-Dibromoethane 107 109 188   
Chlorobenzene 112 114 77   
1,1,1,2-Tetrachloroethane 131 135 119   
Ethylbenzene 91 106     
m/p-Xylene 91 106     
Styrene 104 78     
o-Xylene 91 106     
Cyclohexanone 55 42 98 69 
Bromoform 173 175 171   
Isopropylbenzene 105 120     
Bromofluorobenzene 95 174 176   
Bromobenzene 77 156 158   
1,1,2,2-Tetrachloroethane 83 131 85   
1,2,3-Trichloropropane 110 61 112   
trans-1,4-Dichloro-2-butene 53 124 89   
n-Propylbenzene 91 120     
2-Chlorotoluene 91 126     
4-Chlorotoluene 91 126     
1,3,5-Trimethylbenzene 103 120     
tert-Butylbenzene 91 134 41   
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Pentachloroethane 117 119 83 60 
1,2,4-Trimethylbenzene 105 120     
sec-Butylbenzene 105 134     
1,4-Dichlorobenzene-d4 152 150 115   
1,3-Dichlorobenzene 146 148 111   
p-Isopropyltoluene 119 134 91   
1,4-Dichlorobenzene 146 148 111   
1,2,3-Trimethylbenzene 105 120     
Benzyl chloride 91 126 65   
1,2-Dichlorobenzene 146 148 111   
n-Butylbenzene 91 92 134   
Hexachloroethane 117 119 201   
1,2-Dibromo-3-chloropropane 157 155 75   
1,3,5-Trichlorobenzene 180 182 145 184 
1,2,4-Trichlorobenzene 180 182     
Hexachlorobutadiene 225 227 223   
Naphthalene 128 126 102   
1,2,3-Trichlorobenzene 180 182     
2-Methylnaphthalene 142 141     
1-Methylnaphthalene 142 141     


 


11.2 System Performance  
 


11.2.1 Instrument Tune 
 


11.2.1.1 Inject 25 ng of 4-bromofluorobenzene (BFB) and analyze.  
11.2.1.2 The BFB tune must meet the criteria specified in Table 11.2.1 and 


must be met prior to analysis of any samples.  
11.2.1.3 This criterion must be demonstrated for every 12 hour time period 


of operation.  
 


  
Table 11.2.1 - BFB Key m/z Abundance Criteria 


 
Mass (m/z) 


 
Abundance Criteria 


 
50 


 
15 to 40% of mass 95. 


 
75 


 
30 to 60% of mass 95. 


 
95 


 
Base Peak, 100% Relative Abundance. 


 
96 


 
5 to 9% of mass 95. 


 
173 


 
<2% of mass 174. 


 
174 


 
>50% of mass 95. 


 
175 


 
5 to 9% of mass 174. 


 
176 


 
>95% but < 101% of mass 174. 


 
177 


 
5 to 9% of mass 176. 
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11.3 Initial Calibration 
 


11.3.1 General Requirements 
 
11.3.1.1 At a minimum, five calibration solutions (six if quadratic modeling 


is used) containing both volatile target compounds and system 
monitoring compounds must be analyzed to document linearity of 
the instrument.   


11.3.1.2 The lowest calibration level must be at or below the established PQL 
and the highest calibration level must encompass the reported 
analytical range.   


11.3.1.3 The remaining calibration solutions should be evenly spaced 
between the lowest and highest standards.   


11.3.1.4 Initial calibration must be performed and verified prior to sample 
analysis.   


11.3.1.5 The initial calibration must be completed within 12 hours of the 
associated instrument tune check (Section 11.2.1). 


 
Individual calibration points associated with the low/high calibration standard 
may be rejected because of non-linearity.  However, the analyst must be aware 
that this can adversely affect project PQLs and UQLs. Individual points within 
the remaining standard levels cannot be rejected, but an entire level may be 
rejected for a valid analytical reason that must be documented in the 
instrument’s sequence log. 


 
11.3.2 Relative response factors (RRF) and percent relative standard deviation (%RSD) 


for each target compound must be determined and assessed against method 
criteria. Calculate the average relative response factor (Ave. RRF) for each 
compound across the calibration range using the below equations (Instrument 
software will generally perform this calculation):  


 
11.3.2.1 Relative Response Factors (RRF):  


 
  RRF  =  A


x
 x C


is
 


                  A
is
 x C


x
 


  
   Where:   


 A
x
 = Area of characteristic ion for the compound being measured.  


 A
is
= Area of characteristic ion for the specific internal standard.  


 C
is
 = Concentration of the specific internal standard.  


 C
x
= Concentration of the compound being measured. 


 
11.3.2.2 Average RRF: 


    
 Average RRF = ∑RRF


1
-RRF


x
  


    X 
 
Where: 
∑RRF


1
-RRF


x
= Sum of RRFs 


  X  = Number of RRF values 
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11.3.2.3 %RSD: 
        


%RSD =         SD         x 100 
      Mean RRF 


Where: 
Mean RRF = Mean RRF from 11.3.2.2 
           SD = Standard Deviation 


 
11.3.3 Acceptance Criteria 


 
11.3.3.1 System Performance Check Compounds (SPCC): The compounds 


choromethane, 1,1-dichloroethane, 1,1,2,2-tetrachoroethane, 
chlorobenzene, bromoform, benzene, toluene, ethylbenzene, m-
xylene, p-xylene, o-xylene, total xylenes, and all oxygenates are 
designated as SPCCs.  These compounds must meet minimum 
average RRF criteria as listed below.     


  
System Performance Check Compounds (SPCCs) Minimum RRF 


Chloromethane 0.100 
1,1-Dichloroethane 0.100 


1,1,2,2-Tetrachloroethane 0.300 
Chlorobenzene 0.300 


Bromoform 0.100 


Benzene 0.300 
Ethylbenzene 0.300 


Toluene 0.300 
m-Xylene 0.300 
o-Xylene 0.300 
p-Xylene 0.300 


Total Xylenes 0.300 
Diisopropyl ether 0.300 


Ethyl-tert-butyl ether 0.300 
tert-Amyl methyl ether 0.300 
Methyl tert-butyl ether 0.300 


 
11.3.3.2 Calibration Check Compounds (CCCs): The compounds 1,1-


dichloroethene, chloroform, 1,2-dichloropropane, toluene, 
ethylbenzene and vinyl chloride are designated as CCCs.  BTEX and 
oxygenates are also considered CCCs.  These compounds should 
have a %RSD of <15% and must have a %RSD < 30%. 


11.3.3.3 All surrogate compounds must have an RRF >0.200. 
11.3.3.4 Linearity 


 
11.3.3.4.1 TCL and surrogate compounds must have a %RSD of 


<15% or a calibration curve must be generated. 
11.3.3.4.2 If linear regression or quadratic calibration is used, the 


correlation coefficient (r) must be > 0.995 or the 
coefficient of determination (r2) must be > 0.990.   
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11.3.3.4.3 The use of quadratic calibration requires six calibration 
points at a minimum. 


 
11.3.3.5 Second Source Verification 


 
11.3.3.5.1 Upon completion of the initial calibration, the curve must 


be verified by analysis of a second source calibration 
standard falling at or near the approximate mid-point of 
the curve. 


11.3.3.5.2 The RRF for SPCC’s must meet criteria as documented in 
Section 11.3.3.1. 


11.3.3.5.3 The percent deviation for each CCC must be < 20.0%.  
BTEX and Oxygenates must be < 30.0%.  Naphthalenes 
must be < 40.0%. 


11.4 Calibration Verification 
 


11.4.1 A continuing calibration standard (CCV) at the mid-point of the calibration 
curve must be analyzed at the beginning of each 12-hour analytical period 
following the system performance check (Section 11.2) and prior to sample 
analysis. 


11.4.2 Acceptance Criteria 
 


11.4.2.1 SPCCs must meet the minimum RRFs as documented in Section 
11.3.3. 


11.4.2.2 CCC’s and target compounds must meet criteria documented in 
Section 11.3.3.5.3.  If analytes are biased high in CCV and samples 
are non-detect for those analytes, samples may be reported. 


11.4.2.3 For each CCC, the percent difference (%D) between the mean RRF as 
established by the initial calibration and the continuing calibration 
RRF must be < 20.0%. 


11.4.2.4 Areas of the internal standards must fall within 50-200% of those 
established by the mid-level standard of the most recent initial 
calibration. 


11.4.2.5 Retention times of the internal standards must be within 30 
seconds of those in the mid-level standard of the most recent initial 
calibration. 


11.4.2.6 If any of the above criteria are not meet, corrective action must be 
taken prior to sample analysis.   


11.4.2.7 Any analytical results associated with failed acceptance criteria in 
Sections 11.4.1 and/or 11.4.2 must be reanalyzed if there is 
sufficient sample weight/volume.  If there is not sufficient sample 
weight/volume to reanalyze the samples affected by the non-
compliant CCV, the non-compliance must be documented in the 
project’s narrative. 


12) Sample Preparation/Analysis 
12.1 Following instrument tune and calibration verification, a LCS and the method blank 


must be analyzed and meet criteria prior to sample analysis. 
  
12.1.1 Laboratory Control Samples (LCS):  
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12.1.1.1 The LCS must be prepared from a second source calibration stock, 
containing the compounds on the standard reporting list at or 
below the mid-point of the calibration curve.   


12.1.1.2 The LCS must be analyzed after the continuing calibration 
verification for aqueous samples and low level soils.  An LCS must 
be prepared with every extraction batch for medium-high level 
soils. 


12.1.1.3 Accuracy and precision for the LCS must be within the specified 
LIMS test code criteria 


12.1.1.4 Compounds may be biased high in the LCS as long as samples are 
non-detect for those compounds.  If any compounds are biased low 
the samples and QC must be reprepared and reanalyzed unless 
there is insufficient sample weight/volume.  If there is insufficient 
sample weight/volume to reprepare and reanalyze the samples 
associated with QC failure it must be documented in the project 
narrative. 
 


12.1.2 Method Blank:  
 


12.1.2.1 A method blank must be analyzed with each group of up to 20 
samples analyzed on the same instrument during the same 
analytical shift for aqueous samples and low level soils, or prepared 
with the extraction batch for medium-high level soils/sediments. 


 
12.1.2.2 Preparation: 


 
12.1.2.2.1 For aqueous matrices, use de-ionized water. 
12.1.2.2.2 For low-level soil/sediment, use 5 grams of clean 


Ottawa sand and 5 mL of reagent grade water with 
the appropriate preservative (see Section 8.5). 


12.1.2.2.3 For medium level soil/sediment: 
 


12.1.2.2.3.1 Add 10 grams of clean sand to 10 mL methanol.   
12.1.2.2.3.2 Shake for 2 minutes and sonicate for 20 minutes.   
12.1.2.2.3.3 Add DI water to a 50 mL volumetric flask near 


mark.   
12.1.2.2.3.4 Add 1 mL of methanol extract from soil blank.   
12.1.2.2.3.5 Bring to final volume and mix.   
12.1.2.2.3.6 Transfer contents to 1 40mL VOA vial. 


 
12.1.2.2.4 Target compounds found in the method blank should 


be less than 1/2 the Practical Quantitation Limit (PQL) 
for each target compound, except for common lab 
contaminants such as Methylene chloride, 2-Butanone 
and Acetone. These compounds must be = (5 x PQL).  
If the method blank does not meet these criteria 
samples must be reprepared and reanalyzed unless 
there are no positive results or the sample results are 
more than 10 times the concentration in the blank.   


12.1.2.2.5 Internal standards must meet criteria. 
12.1.2.2.6 If the method blank does not meet acceptance 


criteria, appropriate corrective action must be taken 
before sample analysis begins.  Analysis of samples 
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must not begin until all of the above criteria have 
been met. 
   


12.1.2.2.7 Water Samples:  
 


12.1.2.2.7.1 Allow samples to warm to room temperature.  
12.1.2.2.7.2 Withdraw 5 mL of the sample to be analyzed.   
12.1.2.2.7.3 Add 1 uL of the internal standard solution 


(Section 10.9) and 1 uL of the surrogate solution 
(Section 10.4) for an Archon autosampler or 5 uL 
of the internal standard solution (Section 10.10) 
and 5 uL of the surrogate solution (Section 10.5) 
for an Atomx or Centurion Autosampler and 
analyze.   


 
12.1.2.2.8 Water Miscible Organic Samples: 


 
12.1.2.2.8.1 This type of sample should be diluted at least 50-


fold in methanol, an aliquot added to reagent 
grade water, and analyzed. 


   
12.1.2.2.9 Low-Level Soil/Sediment Samples: 


 
12.1.2.2.9.1 To 5.0 grams of sample add 5 mL of reagent 


grade water and analyze using a heated (400 C) 
purge.  


12.1.2.2.9.2 Weighing of samples will introduce bias into the 
analytical results due to analyte volatility.  Closed 
loop sampling (Method 5035) may be employed 
as an alternative sample introduction technique to 
alleviate this bias. 


 
12.1.2.2.10 High-Level Soil/Sediment Samples: 


 
12.1.2.2.10.1 To 10 g of soil add 10 mL of methanol. If more 


than 10 g of soil has been submitted, add 
sufficient methanol to maintain a 1:1 
weight:volume ratio. 


12.1.2.2.10.2 Shake for 2 minutes, then sonicate for 20 
minutes, and let settle. Using a Pasteur pipette, 
draw off an aliquot of the methanol and store 
refrigerated or frozen. 


12.1.2.2.10.3 Dilute 1mL of the methanol extract to 50 mL with 
reagent grade water and analyze. 


 
12.1.2.2.11 Dilutions:  


 
12.1.2.2.11.1 Dilutions are made just prior to GC/MS analysis.  
12.1.2.2.11.2 Quantitation using secondary ions is not 


permitted in place of dilution.   
12.1.2.2.11.3 Dilutions must contain at least one compound 


near the midpoint or higher unless the matrix or 
concentrations of non-target analytes do not allow 
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for running a sample at a higher concentration. 
12.1.2.2.11.4 Intermediate dilutions may be necessary for 


extremely large dilutions.   
12.1.2.2.11.5 Note:  Isomers should be considered separately 


and dilutions made when the concentration of 
individual isomers exceed the initial calibration 
range. (Examples of this situation are total 
xylenes and cis/trans-1,2-dichloroethene.) 


12.1.3 Matrix Spikes 
 


12.1.3.1 Aqueous Samples 
 


12.1.3.1.1 Spike a 40 mL VOA vial of aqueous sample through 
the septum with 260 uL of P&T grade methanol 


12.1.3.1.2 Spike 40 uL of LCS Mix (Section 10.12.5) through the 
septum. 


12.1.3.1.3 Invert vial at least three times. 
 


12.1.3.2 Low Level Soils-Sediments 
 


12.1.3.2.1 Spike sample through septum with 32.5 uL of P&T 
grade methanol. 


12.1.3.2.2 Spike sample through septum with 5 uL of LCS Mix 
(Section 10.12.5) 


12.1.3.2.3 Repeat for MSD. 
 
 


12.1.3.1 MS/MSD preparation (for medium-high level soils/sediments) 
 


12.1.3.1.1 Add 50 uL of Working LCS Solution (10.8.5) to 1mL 
methanol extract (Section 12.1.2.2.10) and dilute to 
50mL with reagent grade water. 


 
12.1.4 Qualitative Requirements:  
 


12.1.4.1 Analyte identification is performed by comparing the spectrum of 
the suspected compound with that of a standard reference 
spectrum as established from the daily calibration check. 


12.1.4.2 The retention time of the internal standards for a sample or QC 
sample must be within ± 30 seconds of the retention time of the 
associated CCV. 


12.1.4.3 The retention time of the internal standards of a CCV must be 
within ± 30 seconds of the retention time of the midpoint of the 
associated calibration. 


12.1.4.4 The analyte RRT must be within ±0.06 RRT units of the RRT (or ±30 
sec) of the current standard analyzed. 


12.1.4.5  If there are interferences in the primary ion profile that makes RRT 
determination difficult, the secondary ion may be used. 


12.1.4.6 For mass spectra comparisons, all ions in the standard spectrum at 
an intensity of >10% relative to the most abundant ion must be 
present in the sample spectrum.  In addition, the qualifying ions 
must agree within +20%. 


 







VOC by 8260B 
 HN-VMS-003-R07 
 Effective: 08/03/2015 
 Page 22 of 34 


R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  


STANDARD OPERATING PROCEDURE 


12.1.4.7 Analyst judgment may be exercised as necessary in the event of 
analyte detection that does not meet the above criteria. 


 
12.1.5 Sample Screening Procedure 


 
12.1.5.1 Whenever necessary, samples will be screened to eliminate the 


possibility of high concentrations of target and non-target analytes 
or otherwise detrimental sample matrices (oils, foams, etc.) from 
contaminating and/or damaging the purge and trap and/or GC-MS 
system. 


12.1.5.2 Sample history, appearance, odor, and matrix may be utilized to 
determine if the sample needs to be diluted. Low level soils will be 
screened as a methanol extraction to determine if analyte 
concentrations are too high for low-level analysis. 


12.1.5.3 Each dilution should be taken from an unopened vial. If insufficient 
sample volume is sent for multiple dilutions, multiple dilutions will 
be prepared from the same vial at the same time.  If this is not 
possible a note in the sample narrative will be made. 


12.1.5.4 Every attempt will be made to ensure that diluted samples will have 
positive detections that fall within the upper half of the calibration 
range. However, if the concentrations of non-target analytes are too 
high or if the sample matrix would cause damage to the system, 
then the results from a higher dilution will be reported and the 
reason for the dilution will be present in the sample narrative. 
 


12.1.6 Tentatively Identified Compounds (TICs): 
 


12.1.6.1 Upon request, a library search (referenced to the NBS/NIST Mass 
Spectral Library) will be performed on each sample to identify any 
components not matched to calibration standard spectra. 


12.1.6.2 Matching spectrum with a correlation of > 80 should be reported as 
TICs.  


12.1.6.3 The analyst reviewing the library search results makes final 
identification. If no adequate match can be determined, the 
compound is reported as an “UNKNOWN” 


13) Troubleshooting 


13.1 Refer to individual instrument hardware manuals for specific technical guidance. 


14) Data Acquisition  


14.1 Data is acquired though Agilent ChemStation and quantitated by the EnviroQuant 
software program. 


14.2 Typical Analytical Sequence: 


 
14.2.1 Instrument Tune (BFB) 
14.2.2 Initial Calibration (ICAL, see section 11) 
14.2.3 Initial Calibration Verification (ICV see section 11) 
14.2.4 Instrument Tune (BFB) 
14.2.5 Continuing Calibration Verification (CCV see section 11) 
14.2.6 Laboratory Control Sample (LCS) 
14.2.7 Method Blank (MBLK) 
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14.2.8 Field Samples (SAMP) 
14.2.9 Matrix Spike (MS) 
14.2.10 Matrix Spike Duplicate (MSD) 


14.3 Analytical window may not exceed 12 hours from injection of instrument tune. 


15) Calculation, and Data Reduction Requirements 


15.1 Water and Water-Miscible Waste 
 


 
)V((RF))A(


)I()A(
 = (ug/l) ionconcentrat


ois


sx  


  Where: 
   A


x
  =  Area of the characteristic ion for the compound being measured. 


   I
s
 =  Amount of internal standard injected (ng). 


  A
is 


 =  Area of the characteristic ion for the specific internal standard. 
   RF   =  Response factor for the compound. 
   V


o
     =  Volume of water purged (mL) 


 


15.2 Low Level Soils 


)W)(RF)(A(
)I)(A(


 = (ug/kg) ionconcentrat
sis


sx  


 


15.3 Medium-High Level Soils 
 


                                                      
)W)(V)(RF)(A(


)V)(I)(A(
 = (ug/kg) ionconcentrat


siis


tsx  


 
  Where: 
   A


x
, I


s
, A


is
, RF = same as for water. 


   V
t
  =  volume of total extract (up) (use 5,000 up, 10,000 up, or dilution volume 


as required). 
   V


i 
= volume of extract added (up) for purging. 


   W
s
  = weight of sample extracted or purged (g).  The dry weight is used in the 


calculation.  The dry weight is the weight times the percent solids.     


15.4 QC Calculations:  LIMS calculates the percent recovery for various QC samples (MS, 
MSD, LCS) according to the following equations: 


 
15.4.1  Surrogate Recovery: 


 
Where:  


SurrSR  = Surrogate Spiked Sample Result (ug/L).  
SurrSA  = Surrogate Spike Amount Added (ug/L). 
 


15.4.2 % Recovery, %R (for MS and MSD Samples) 


( ) 100% ×=
SurrSA
SurrSR


R
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Where: 
SSR = Spiked Sample Result (mg/L or mg/kg). 
SR   = Sample Result (unspiked). 
SA   = Spike Amount Added (mg/L or mg/kg). 
 


15.4.3 % Recovery, %R (for standards and LCS) 


Where: 
SSR = Spiked Sample Result (mg/L or mg/kg). 
SA   = Spike Amount Added (mg/L or mg/kg). 
 


15.4.4 RPD (for precision or duplicate evaluation) 


Where: 
SR


1
 = Sample result for duplicate 1. 


SR
2
 = Sample result for duplicate 2. 


16) Quality Control, Acceptance Criteria and Corrective Action 
16.1 Instrument Tune – BFB 
  


16.1.1 Perform prior to continued operation for each 12 hour shift  
16.1.2 Acceptance criteria documented in Section 11.2.1 must be achieved prior to 


continued operation.  
16.1.3 Corrective action:  
 


16.1.3.1 Discontinue operation and perform instrument maintenance. 
16.1.3.2  All samples associated with a failed tune must be reanalyzed after 


corrective action has been performed.     


16.2 Initial Calibration:  
 


16.2.1 Frequency:  A new curve must be generated when ICV or CCV criteria are not 
met, after major instrument maintenance, or after changes in operating 
conditions  


16.2.2 Acceptance Criteria:  
 


16.2.2.1 Initial calibration curve must minimally contain 5-points for all 
analytes.  If the curve is established by utilization of quadratic 
regression, 6 data points (minimally) must be used.  


16.2.2.2 SPCCs must achieve minimum RRFs listed in Section 11.3.3.1. 
16.2.2.3 The RSD for CCC RRFs must be < 30%. 
16.2.2.4 Linearity: 


 
16.2.2.4.1 All analytes must have a %RSD < 15%, or 


( ) 100
SRSR½


SRSR
RPD


21


21 ×
+


−
=


( ) 100
SA


SRSSRR% ×
−


=


( )
100


SA


SSR
R% ×=
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16.2.2.4.2 The correlation coefficient (r) must be > 0.995, or the 
coefficient of determination (r2) must > 0.99.   


 
16.2.2.5 Data Point Rejection: 


 
16.2.2.5.1 Data points from the highest or lowest calibration 


standard may be rejected because of non-linearity.  
16.2.2.5.2 An entire calibration level may be rejected for a valid 


analytical reason.  However, the reason for such a 
rejection should be documented on the analytical 
sequence and in the instrument run log (if applicable). 


16.2.2.5.3 Individual points within calibration levels, other than the 
low/high levels, cannot be rejected. 


 
16.2.2.6 No SME allowances may be applied to initial calibration evaluation. 


 
16.2.3 Corrective Action:   
 


16.2.3.1 Check standards and/or perform maintenance as necessary to 
correct problem and generate new initial calibration curve. 


16.3 Initial Calibration Verification (ICV):   
 


16.3.1 An ICV must be completed each time a new initial calibration curve is 
generated. 


16.3.2 The ICV must be completed using a second source standard.   
16.3.3 ICV results must the criteria listed in Sections 11.3.3.1 and 11.3.3.5.3.  If 


CCCs are not included in the project, all target analytes must have a percent 
difference of <20% or be flagged as estimated results. 


16.3.4 Corrective action: 
 


16.3.4.1 Evaluate condition and age of standards being used and perform 
any needed system maintenance.  


16.3.4.2 Reprepare and reanalyze the ICV.  If the ICV fails again perform a 
new initial calibration. 


16.3.4.3 Samples associated with a failed initial calibration or ICV must be 
reprepared and re-analyzed if there is sufficient sample 
weight/volume.  If re-analysis cannot be completed, all associated 
results must be qualified in the project narrative. 


16.4 Continuing Calibration Verification (CCV): 
 


16.4.1 The CCV must be run at the beginning of every 12-hour analytical sequence.   
16.4.2 For Wisconsin Samples - If a non-linear regression is used for quantitation, a 


2nd CCV at a dissimilar concentration must be processed and be evaluated 
against the same criteria as the 1st CCV. 


16.4.3 The CCV must be run following the instrument performance check and prior 
to sample analysis. 


16.4.4 Acceptance Criteria:    
 


16.4.4.1 SPCCs must have a minimum RRF as documented in Section 
11.3.3.1. 
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16.4.4.2 The percent differences must meet the criteria listed in Section 
11.3.3.5.3. 


16.4.4.3 If CCCs are not required in the project, all target analytes must 
have a percent difference of <20% with the exception of 
naphthalene compounds. 


16.4.4.4 If analytes are biased high in CCV and samples are non-detect for 
those compounds, no corrective action is necessary. 
 


16.4.5 Corrective Action: 
 


16.4.5.1 Check instrument performance and standard condition.  Perform 
any necessary instrument maintenance. 


16.4.5.2 Reanalyze the CCV.  If the CCV does not meet the criteria in Section 
16.4.3, perform a new initial calibration as documented in Section 
11.3. 


16.4.5.3 Any samples associated with a failed CCV must be re-analyzed.  If 
re-analysis cannot be completed, all associated results must be 
narrated in the project. 


16.5 Method blank: 
 


16.5.1 Method blanks must be analyzed every 12 hours or with every analytical batch 
(whichever occurs first) for aqueous samples and low level soils/sediments.  
For medium-high level soils/sediments, a method blank must be prepared 
with every extraction batch. 


16.5.2 Target compounds found in the method blank must be less than 1/2 the 
Practical Quantitation Limit (PQL) for each target compound, except for 
common lab contaminants such as Methylene chloride, 2-Butanone and 
Acetone. These compounds must be = (5x PQL).  If there is contamination in 
the blank over these criteria and there are no positive results, or the sample 
results are more than 10 times the concentration detected in the blank, the 
samples may be reported with narration to that effect.   


16.5.3 Corrective Action: 
 


16.5.3.1 Check instrument condition and perform maintenance as necessary. 
16.5.3.2 Reanalyze the blank to determine if instrument contamination was 


the cause. 
16.5.3.3 If instrument condition/contamination was not the cause, any 


samples associated with the failed method blank not meeting the 
criteria listed in Section 16.5.2 must be re-prepared and re-
analyzed if there is sufficient sample weight/volume.  If there is not 
sufficient sample weight/volume to re-prepare and analyze, all 
associated results must be qualified in the project narrative to 
indicate blank contamination and possible bias.  


16.6 Laboratory Control Samples (LCS) 
 


16.6.1 The LCS is a system-check standard made from a second source stock, 
containing the compounds on the standard reporting list and at the same 
concentration as the continuing calibration.  The LCS is analyzed after the 
continuing calibration.  


16.6.2 The LCS accuracy must be within the acceptance criteria documented in LIMS.  
16.6.3 Corrective actions 
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16.6.3.1 Check instrument performance and standard condition.  Perform 
any necessary instrument maintenance. 


16.6.3.2 Reanalyze the LCS.  If the LCS does not meet the criteria in Section 
12.1.1.4 and 12.1.1.5 all associated samples in the batch must be 
re-prepared and re-analyzed if there is sufficient sample 
weight/volume.  If re-preparation or re-analysis cannot be 
completed, all results must be qualified as estimated in the project 
narrative. 


16.7 Matrix Spike and Matrix Spike Duplicate (MS/MSD): 
 


16.7.1 A MS/MSD pair should be performed at a frequency of at least one MS /MSD 
per extraction batch (if applicable) per set of 20 samples per matrix. 


16.7.2 The MS/MSD pair must be spiked at or below the mid-point of the calibration 
curve. 


16.7.3 Acceptance Criteria: 
 


16.7.3.1 Spike accuracy and precision should fall within the documented 
LIMS criteria.  


16.7.3.2 If MS/MSD recoveries are outside acceptance criteria, the anomaly 
may be due to matrix effects.  If the LCS is acceptable, the anomaly 
will be reported as probable matrix interference.  


16.8 Surrogates 
 


16.8.1 Surrogate compounds must be added to all standards, blanks, samples, and 
QC samples. 


16.8.2 Surrogate recovery must fall within the documented LIMS criteria.   
16.8.3 All project sample matrices with failed surrogate recovery must be thoroughly 


reviewed.  If recovery failure can be reasonably based upon matrix effects, 
high dilution, etc, initiate a non-conformance report and flag/report sample 
results.  If no reasonable explanation is present for the failure, follow the 
corrective actions. 


16.8.4 Corrective Action 
 


16.8.4.1 Check to make sure there are no errors in calculations, surrogates, 
or internal standards.  Check instrument performance.  If 
instrument performance is found to be the cause of failed surrogate 
recoveries correct the problem and reanalyze the samples. 


16.8.4.2 If instrument performance is not the cause for failed surrogate 
recoveries all samples associated with failed surrogate recovery in 
an interference free matrix (MB/LCS/CCV) must be re-prepared and 
re-analyzed when there is sufficient sample weight/volume.  If there 
is not sufficient sample weight/volume, the failed surrogate 
recovery must be noted in the project narrative. 


16.8.4.3 If instrument performance is not the cause for failed surrogate 
recoveries in samples, the samples must be re-prepared and 
reanalyzed when there is sufficient sample weight/volume.  If there 
is not sufficient sample weight/volume, the failed surrogate 
recovery must be noted in the project narrative. 


16.8.4.4 If the reanalysis is within limits and holding times for the sample, 
only the reanalysis needs to be reported. 
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16.8.4.5 If the reanalysis of the sample is within limits but not within 
holding times then both sets of data must be reported. 


16.8.4.6 If the reanalysis is not within limits both sets of data must be 
reported. 


16.8.4.7 If the sample was chosen as the MS/MSD and the MS and/or MSD 
was outside of limits no reanalysis is required. 


16.9 Internal Standards:  
  


16.9.1 All samples, blanks, standards, and QC must be spiked with internal 
standards.  


16.9.2 Internal standard areas for all sample and quality control analyses must not 
vary by more than a factor of two (-50% to +100%) from the associated 12-
hour calibration standard. 


16.9.3 The retention time of the internal standard(s) for all sample and quality 
control analyses must not vary more than + 30 seconds from the retention 
time of the associated 12-hour calibration standard. 


16.9.4 Corrective Action: 
 


16.9.4.1 If the internal standard areas do not achieve acceptance criteria, 
inspect instrument for malfunctions, correct identified 
malfunctions, then reanalyze samples. 


16.9.4.2 If no instrument malfunction is identified reanalyze the sample.  If 
the internal standards are still out on the reanalysis both sets of 
data must be reported.  If the internal standards are in on the 
reanalysis, only the second set of data must be reported. 


16.9.4.3 NOTE:  Several sample types exhibit matrix effects that make 
recovery of the internal standards and surrogates very difficult. 
These sample types may be run at a dilution or a methanol extract 
run to achieve acceptable criteria.  If target compounds are present 
in undiluted runs with failing QC (surrogates or internal standards) 
and are diluted out to achieve passing QC, it may be necessary to 
report the undiluted analyses with data qualifier flags and an 
appropriate discussion within the case narrative by project 
management.  


16.10 Deviations and non-conforming events must be documented using a Nonconformance 
Corrective Action Report (NCAR) or as an Exception Report item on the laboratory 
review checklist. For mandatory QC failures (e.g. LCS), the NCAR must be submitted to 
the QA Manager via the NCAR database. 


17) Data Records Management 


17.1 All data is stored both electronically and hard copy for 10 years. 


17.2 All analytical sequence IDs and standard preparation information must be recorded in 
the Run logbook. Hardcopy computer printouts of analytical sequences and raw data 
must be retained and initialed by the analyst (electronic initials are acceptable). To 
simplify standard tracking, analyst must attempt to use one lot of reagents and 
standards with each batch. 


17.3 Complete all pertinent sections in the respective logbooks.  If not-applicable then line 
out the section.  “Z” out or “X” out all large sections of the worksheet that are not used. 
Make all corrections with single line through, date and initial. Make NO obliterations 
when manually recording data.  
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17.4 Logbooks are controlled. Never remove a page from a logbook. Completed logbooks 
are returned to the QA department when filled and no longer needed in the work area. 


17.5 The effective date of this SOP is the date in the header or last signature date, 
whichever is most recent. 


17.6 Logbooks must be reviewed monthly by the department supervisor. 


17.7 Logbooks must be reviewed quarterly by the QA Staff. 


18) Contingencies for Handling Out of Control Data 
18.1 When method required QC exceedances occur, in every case where sample data quality 


are affected, the source of the QC exceedance must be determined, corrected and 
sample reanalysis carried out when possible.  


18.2 When affected sample analysis can not be repeated due to limitations (i.e. sample 
availability, or if reanalysis can only be performed after expiration of a sample hold 
time), the reporting of data associated with exceeded QC data must be appropriately 
flagged and narrated.  This documentation is necessary to define for the data user the 
effect of the error has upon the data quality of the results reported (e.g. E flag data 
indicate the result to be only an estimate).   


18.3 All analysts must report sufficient comments in laboratory data review checklist for 
exceeded QC associated with sample results so that project management can further 
narrate and ensure data qualifiers (flags) are properly assigned to the reported data.   


18.4 NCARs must be issued for QC system exceedances. Matrix interferences are reported 
using the analyte reporting comment section in LIMS or using the Laboratory Data 
review checklist.    


19) Method Performance 


19.1 Initial Demonstration of Proficiency- Each analyst must perform an initial 
demonstration of proficiency on a method and matrix basis with a successful analysis 
of four LCS where acceptable precision and accuracy are generated. The accuracy 
component must fall within LCS criteria. The precision component must be less than 
20% for duplicate RPD data.  


19.2 Method Detection Limits (MDLs) must be determined on an annual basis (at minimum) 
or whenever major modifications are performed.  


20) Summary of Changes 
 
 
Table 20.1 Summary of Changes 


 
Revision 
Number 


Effective 
Date 


Document 
Editor 


Description of Changes 


R04 8/1/12 CES Formatting 
R04 8/1/12 AK Updating 
R05 4/30/14 CES Formatting; Update spike info and include audit 


response items. 
R06 10/1/14 CES Addition of sample screening procedure (sec. 12.1.5) 
R07 8/3/15 CES Addition of SIM analysis (sec. 21.10) 
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21) References and Related Documents 
21.1 VOC Gases (Table 21.1) 


21.2 VOC ADDS Mix (Table 21.2) 


21.3 VOC Main Mix (Table 21.3) 


21.4 VOC LCS Mixture (Table 21.4) 


21.5 U.S. Environmental Protection Agency, “Method 8260B Volatile Organic Compounds By 
Gas Chromatography/Mass Spectrometry”, Test methods for Evaluating Solid Waste 
Physical/Chemical Methods, Revision 2, August, 1996. 


21.6 U.S. Environmental Protection Agency, “Method 8000C Determinative Chromatographic 
Separations”, Test methods for Evaluating Solid Waste Physical/Chemical Methods, 
Revision 3, March, 2003.  


21.7 U.S. Environmental Protection Agency, “Method 5030C: Purge and Trap for Aqueous 
Samples”, Revision 3, May, 2003. 


21.8 U.S. Environmental Protection Agency, “Method 5035A: Purge and Trap for Aqueous 
Samples”, Draft Revision 1, July 2002. 


21.9 ALS Environmental Quality Assurance Manual, Version (most current) 


21.10 Appendix I – Procedure for the analysis of 1,4-Dioxane by 8260 SIM method. 
 
 
 


 


 
 
 
 
 
 
 


 
 
 
 


Table 21.1 – VOC Gases 
 
  Bromomethane   Dichlorodifluoromethane 
  Chloroethane    Trichlorofluoromethane 
  Chloromethane   Vinyl Chloride 
   
 


Table 21.2 – VOC ADDS Mix 
 


acetone    amyl acetate 
tert-amyl methyl ether   butyl acetate 
tert-butyl alcohol   2-butanone    
cyclohexanone   diisopropyl ether     
ethyl-tert-butyl ether   ethyl acetate 
2-hexanone    isopropyl acetate 
methyl acetate    methyl tert-butyl ether 
4-methyl-2-pentanone   propyl acetate     
vinyl acetate 
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Table 21.3 – VOC Main Mix 
 


acetonitrile    acrolein 
acrylonitrile    allyl chloride     
benzene    benzyl chloride 
bromobenzene   bromochloromethane 
bromodichloromethane  bromoform 
n-butylbenzene   sec-butylbenzene 
tert-butylbenzene   carbon disulfide 
carbon tetrachloride   chlorobenzene 
2-chloroethanol   2-chloroethyl vinyl ether 
chloroform    chloroprene 
2-chlorotoluene   4-chlorotoluene 
cyclohexane    dibromochloromethane   
1,2-dibromo-3-chloropropane  1,2-dibromoethane   
dibromomethane   1,2-dichlorobenzene    
1,3-dichlorobenzene   1,4-dichlorobenzene    
cis-1,4-dichloro-2-butene  trans-1,4-dichloro-2-butene   
1,1-dichloroethane   1,2-dichloroethane    
1,1-dichloroethene   cis-1,2-dichloroethene    
trans-1,2-dichloroethene  1,2-dichloropropane    
1,3-dichloropropane   2,2-dichloropropane    
1,1-dichloropropene   cis-1,3-dichloropropene   
trans-1,3-dichloropropene  diethyl ether     
1,4-dioxane    ethylbenzene     
ethyl methacrylate   heptane 
hexachloro-1,3-butadiene  hexachloroethane 
hexane     iodomethane     
isobutyl alcohol   isopropylbenzene    
4-isopropyltoluene   methacrylonitrile  
methylcyclohexane   methyl acrylate    
methyl methacrylate   methylene chloride    
2-methylnaphthalene   naphthalene    
nitrobenzene    2-nitropropane  
pentachloroethane   propionitrile     
n-propylbenzene   styrene      
1,1,1,2-tetrachloroethane  1,1,2,2-tetrachloroethane  
tetrachloroethene   tetrahydrofuran    
toluene    1,2,3-trichlorobenzene   
1,2,4-trichlorobenzene  1,3,5-trichlorobenzene   
1,1,1-trichloroethane   1,1,2-trichloroethane 
trichloroethene   1,2,3-trichloropropane   
1,1,2-trichlorotrifluororethane 1,2,3-trimethylbenzene   
1,2,4-trimethylbenzene  1,3,5-trimethylbenzene   
2,2,4-Trimethylpentane  m-xylene 
o-xylene    p-xylene 
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Table 21.4 – VOC LCS Mixture 
 
acetone    acrylonitrile   allyl chloride 
benzene    bromobenzene  bromochloromethane 
bromodichloromethane  bromoform   bromomethane 
2-butanone    carbon disulfide  carbon tetrachloride 
chloroacetonitrile   chlorobenzene   1-chlorobutane 
chloroethane    chloroform   chloromethane 
2-chlorotoluene   4-chlorotoluene  cis-1,2-dichloroethene 
cis-1,3-dichloropropene  cyclohexane   dibromochloromethane 
1,2-dibromo-3-chloropropane  1,2-dibromoethane  dibromomethane 
dichlorodifluoromethane  1,2-dichlorobenzene  1,3-dichlorobenzene  
1,4-dichlorobenzene   1,1-dichloroethane  1,2-dichloroethane  
1,1-dichloroethene   1,1-dichloro-2-propanone 1,2-dichloropropane  
1,3-dichloropropane   2,2-dichloropropane  1,1-dichloropropene  
diethyl ether    diisopropyl ether  ethyl methacrylate 
ethylbenzene    ethyl tert-butyl ether  hexachlorobutadiene   
hexachloroethane   2-hexanone   isopropylbenzene   
4-isopropyltoluene   methacrylonitrile  methyl acrylate 
methylcyclohexane   methyl iodide   methyl methacrylate 
methylene chloride   4-methyl-2-pentanone  methyl tert-butyl ether  
naphthalene    n-butylbenzene  nitrobenzene    
2-nitropropane   n-propylbenzene  pentachloroethane 
propionitrile    sec-butylbenzene  styrene  
tert-amyl methyl ether   tert-butyl alcohol  tert-butylbenzene   
1,1,1,2-tetrachloroethane  1,1,2,2-tetrachloroethane tetrachloroethene 
tetrahydrofuran   toluene   trans-1,2-dichloroethene 
trans-1,3-dichloropropene  trans-1,4-dichloro-2-butene 1,2,3-trichlorobenzene 
1,2,4-trichlorobenzene  1,1,1-trichloroethane  1,1,2-trichloroethane  
trichloroethene   trichlorofluoromethane 1,2,3-trimethylbenzene 
1,2,4-trimethylbenzene  1,3,5-trimethylbenzene 1,2,3-trichloropropane 
vinyl chloride    m-xylene    o-xylene     
p-xylene 
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21.10  APPENDIX I – Procedure for the analysis of 1,4-Dioxane by 8260 Selective Ion 


Monitoring (SIM)  
(All sections of this SOP apply unless otherwise specified below) 


 
• Scope and Application –  


 
o Method 8260 can be used to determine 1,4-Dioxane at a much lower level than a 


typical scan analysis, by using selective ion monitoring (SIM). Instead of scanning 
across the entire range of ions, the SIM method only focuses on a few ions so the 
signal for those ions is much greater. The following compounds may be 
determined by this method:  
 
Compound name   Primary Ion, Secondary Ions  IS Reference  
1,4-Dioxane   96, 62    1,4-Dioxane-d8 
Toluene-d8 (Surrogate) 98, 100   1,4-Dioxane-d8 
1,4-Dioxane-d8 (IS) 88, 58 
  


• Instrument Conditions –  
 
o Oven:  


Initial temp.: 40°C  
Initial time: 4.00 min  
Ramps:  
# Rate   Final temp.   Final time  
15°C/min   200°C   0.00 min  
Run time: 14.667 min  
  
Front Inlet:  
Mode: Split  
Initial temp: 200°C  
Pressure: 20.221 psi  
Septum purge flow: 3 mL/min.  
Purge time: 1.00 min.  
Total flow: 55.077 mL/min.  
Gas type: Helium  
  
Column:  
Restek RXI-624 
Nominal length: 20.0 m  
Nominal diameter: 180.00 um  
Nominal film thickness: 1.00 um  
  
SIM Parameters:  
  
Group 1  
Mass  Dwell  
58  50 
96  50 
62  50 
98  50 
88  50 
100 50 
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• Procedure:  
o Soil samples are extracted by SW846 method 5035A 
o Water samples are prepared by SW846 method 5030C.  


  
o 1,4-Dioxane Internal/Surrogate Standard (for Archons adding 1 uL of standard) 


Toluene-d8 (2000 ug/mL) 125 ug/mL  
1,4-Dioxane-d8 (2000 ug/mL)  250 ugL 
Dilute to 5 mL in a volumetric flask with P&T grade methanol. 


 
o Atomx 1,4-Dioxane Internal/Surrogate Standard (for Atomx’s and Centurions 


adding 5 uL of standard) 
1 mL 1,4-Dioxane Internal/Surrogate Standard 
Dilute to 5 mL in a volumetric flask with P&T grade methanol. 


 
o Matrix Spike: 1,4-Dioxane (1000 ug/mL Absolute Standards) 


Working spike: 200 uL stock standard diluted to 5 mL with P&T grade methanol 
LCS: 50 uL into 50 mL DI water. 
MS/MSD: For waters: 40 uL into 40 uL of sample. 


   For soils: 50 uL into 1 mL methanol extract diluted to 50 mL with DI 
water.  


  
o Calibration Standard : 


1,4-Dioxane (2000 ug/mL Restek) 
100 uL standard diluted to 5 mL with P&T grade methanol 


 
o Refer to section 10.7.15.1 for calibration levels and spike amounts. 


  
• Quality Control 


o The internal standards must meet the requirements in section 11.4.2.4. 
o The accuracy acceptance criteria for soil and waters are ± 20% for the CCV, LCS, 


MS/MSD, and Surrogates.   
o The precision acceptance criteria (% RPD) for the MS and MSD is 30%. 
o Refer to section 16 for corrective action measures should Quality Contol not meet 


these criteria. 
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SEMIVOLATILE ORGANIC COMPOUNDS BY GC/MS SELECTIVE ION MONITORING 


EPA METHOD 8270D SIM 


1. SCOPE AND APPLICATION 
 
1.1. This procedure is used to determine the concentrations of Semi-Volatile Organic Compounds 


in water, soil, and tissue matrices using EPA Method 8270D and Selected Ion Monitoring 
(SIM). This procedure may also be applicable to various miscellaneous waste samples.  Table 
1 lists compounds that may be determined by this method and lists nominal method 
reporting limits (MRLs) in water, soil, and tissue.  Other compounds may be analyzed to meet 
project requirements.  Due to the nature of this analysis and its applications, MRLs may vary 
due to project specifications.  Table 1 lists Method Detection Limits (MDLs) that have been 
achieved, however, MDLs may change as MDL studies are performed, and may vary 
depending on the instrument used and preparation method.   


 
1.2. The procedure is intended for samples containing trace-level amounts of target compounds. 


Samples containing high concentrations of target analyte will not be analyzed undiluted.  
Extracts may be screened using GC/FID to estimate the hydrocarbon content and 
concentrations of individual polynuclear aromatic hydrocarbons (PAHs).  Samples containing 
PAHs are diluted prior to analysis.  All MRLs will be adjusted in accordance with this dilution. 
 Therefore, samples containing high levels of PAHs will not be analyzed to achieve the 
optimum MRLs for the analysis. 


 
1.3. This procedure can be used to quantitate most neutral, acidic, and basic organic compounds 


that are soluble in methylene chloride and capable of being eluted as sharp peaks from a gas 
chromatographic fused-silica capillary column coated with a slightly polar silicone phase.  
Such compounds include polynuclear aromatic hydrocarbons, chlorinated hydrocarbons, 
phthalate esters, nitrosamines, haloethers, ketones, anilines, aromatic nitro compounds, and 
phenols, including nitrophenols.  Most acidic compounds are deriviatized in tissue samples 
prior to analysis to aid sensitivity and chromatographic resolution. 


 
1.4. Other compounds than those listed in Table 1 may be analyzed.  However, analytes not 


summarized in Table 1 may not been validated with a method detection limit study.  
Therefore, the lab will not use this procedure to analyze for non-routine analytes unless a 
similar analyte has been validated with a MDL study.  As a general rule, the MRL for these 
compounds will equal the MRL of a similar compound in the routine analyte list.  Results will 
not be reported below this estimated MRL. 


2. METHOD SUMMARY 
 


2.1. This method provides Gas Chromatography/Mass Spectrometry (GC/MS) conditions for 
the detection of Semi-volatile Organic Compounds.  Prior to the use of this method, an 
appropriate sample preparation method must be used to recover the analytes of interest. 
 Soil, tissue, and colored water extracts may be cleaned using EPA Method 3640 (gel 
permeation chromatography) prior to analysis. 


 
2.2. A 0.5-20 μL aliquot of the extract is injected into the gas chromatograph (GC).  The 


compounds are separated on a fused silica capillary column.  Compounds of interest are 
detected by a mass selective detector in the selective ion mode.  Identification of the 


Uncontrolled Copy







    
 SOP No.: SVM-8270S 
 Revision: 7 
 Effective: 09/15/2014 
 Page 4 of 36 


R I G H T 	 S O L U T I O N S 	 | 	 R I G H T 	 P A R T N E R 	


STANDARD OPERATING PROCEDURE 


analytes of interest is performed by comparing the retention times of the analytes with 
the respective retention times of an authentic standard, and by comparing mass spectra 
of analytes with mass spectra of reference materials.  Quantitative analysis is performed 
by using the authentic standard to produce a response factor and calibration curve, and 
using the calibration data to determine the concentration of an analyte in the extract.  
The concentration in the sample is calculated using the sample weight or volume and the 
extract volume.  To achieve MRLs listed in Table 1 the initial sample amount, final extract 
volume, and injection aliquot are specified for each product. 


 
2.3. The following compounds may require special treatment when being determined by this 


method. Benzidine, 3, 3’-Dichlorobenzidine, nitrophenols, Hexachlorocyclopentadiene, 
Pentachlorophenol, Benzoic Acid and Benzyl Alcohol are subject to poor extraction 
efficiency or erratic chromatographic behavior, especially if the GC system is 
contaminated with high boiling material. 


3. DEFINITIONS 
 


3.1. Batch - A batch of samples is a group of environmental samples that are prepared and/or 
analyzed together as a unit with the same process and personnel using the same lot(s) of 
reagents. It is the basic unit for analytical quality control. 


 
3.1.1. Preparation Batch - A preparation batch is composed of one to twenty field samples, 


all of the same matrix, and with a maximum time between the start of processing of 
the first and last samples in the batch to be 24 hours. 


 
3.1.2. Analysis Batch - Samples are analyzed in a set referred to as an analysis sequence.  


The sequence begins with instrument calibration (initial or continuing verification) 
followed by sample extracts interspersed with calibration standards (CCBs, CCVs, 
etc.) The sequence ends when the set of samples has been injected or when 
qualitative and/or quantitative QC criteria indicate an out-of-control situation.  


 
3.2. Sample 


 
3.2.1. Field Sample - An environmental sample collected and delivered to the laboratory for 


analysis; a.k.a., client’s sample. 
  


3.2.2. Laboratory Sample - A representative portion, aliquot, or subsample of a field sample 
upon which laboratory analyses are made and results generated. 


 
3.3. Quality System Matrix - The matrix of an environmental sample is distinguished by its 


physical and/or chemical state and by the program for which the results are intended. The 
following sections describe the matrix distinctions. These matrices shall be used for purpose 
of batch and quality control requirements. 


 
3.3.1. Aqueous - Any groundwater sample, surface water sample, effluent sample, and TCLP 


or other extract. Specifically excluded are samples of the drinking water matrix and 
the saline/estuarine water matrix. 


 
3.3.2. Drinking water - Any aqueous sample that has been designated a potable or potential 


potable water source. 
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3.3.3. Saline/Estuarine water - Any aqueous sample from an ocean or estuary or other salt-
water source. 


 
3.3.4. Nonaqueous Liquid - Any organic liquid with <15% settleable solids. 


 
3.3.5. Animal tissue - Any tissue sample of an animal, invertebrate, marine organism, or 


other origin; such as fish tissue/organs, shellfish, worms, or animal material.  
 


3.3.6. Solids - Any solid sample such as soil, sediment, sludge, and other materials with 
>15% settleable solids. 


 
3.3.7. Chemical waste - Any sample of a product or by-product of an industrial process that 


results in a matrix not described in one of the matrices in Sections 3.3.1 through 
3.3.6.  These can be such matrices as non-aqueous liquids, solvents, oil, etc. 


 
3.3.8. Miscellaneous matrices – Samples of any composition not listed in 3.3.1 – 3.3.7.  


These can be such matrices as plant material, paper/paperboard, wood, auto fluff, 
mechanical parts, filters, wipes, etc.  Such samples shall be batched/grouped 
according to their specific matrix.   


 
3.4. Matrix Spike/Duplicate Matrix Spike (MS/DMS) Analysis - In the matrix spike analysis, 


predetermined quantities of target analytes are added to a sample matrix prior to sample 
preparation and analysis.  The purpose of the matrix spike is to evaluate the effects of the 
sample matrix on the method used for the analysis.  Duplicate samples are spiked, and 
analyzed as a MS/DMS pair.  Percent recoveries are calculated for each of the analytes 
detected.  The relative percent difference (RPD) between the duplicate spikes (or samples) is 
calculated and used to assess analytical precision.  The concentration of the spike should be 
at the mid-point of the calibration range or at levels specified by a project analysis plan. 


 
3.5. Laboratory Duplicates (DUP) – Duplicates are additional replicates of samples that are 


subjected to the same preparation and analytical scheme as the original sample.  The 
relative percent difference (RPD) between the sample and its duplicate is calculated and used 
to assess analytical precision. 


 
3.6. Surrogate - Surrogates are organic compounds which are similar to analytes of interest in 


chemical composition, extraction and chromatography, but which are not normally found in 
environmental samples.  The purpose of the surrogates is to evaluate the preparation and 
analysis of samples.  These compounds are spiked into all blanks, standards, samples and 
spiked samples prior to extraction and analysis.  Percent recoveries are calculated for each 
surrogate. 


 
3.7. Method Blank (MB) - The method blank is an artificial sample composed of analyte-free water 


or solid matrix and is designed to monitor the introduction of artifacts into the analytical 
process.  The method blank is carried through the entire analytical procedure. 


 
3.8. Laboratory Control Samples (LCS) – The LCS is an aliquot of analyte free water or analyte free 


solid to which known amounts target analytes are added.  The LCS is prepared and analyzed 
in exactly the same manner as the samples.  The percent recovery is compared to 
established limits and assists in determining whether the batch is in control. 
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3.9. Independent Verification Standard (ICV) - A mid-level standard injected into the instrument 
after the calibration curve and prepared from a different source than the initial calibration 
standards.  This is used to verify the validity of the initial calibration standards 


 
3.10. Continuing Calibration Verification Standard (CCV) - A mid-level standard analyzed at 


specified intervals.  Used to verify that the initial calibration curve is still valid for quantitative 
purposes. 


 
3.11. Instrument Blank (CCB) - The instrument blank (also called continuing calibration blank) is a 


volume of clean solvent analyzed on each column and instrument used for sample analysis.  
The purpose of the instrument blank is to determine the levels of contamination associated 
with the instrumental analysis itself, particularly with regard to the carry-over of analytes 
from standards or highly contaminated samples into subsequent sample analyses. 


 
3.12. Duplicates and Duplicate Matrix Spikes are additional replicates of samples that are 


subjected to the same preparation and analytical scheme as the original sample. Depending 
on the method of analysis, either a duplicate analysis (and/or a matrix spiked sample) or a 
matrix spiked sample and duplicate matrix spiked sample (MS/DMS) are analyzed. 


 
3.13. Standard Reference Material (SRM) – A material with specific certification criteria and is 


issued with a certificate or certificate of analysis that reports the results of its 
characterizations and provides information regarding the appropriate use(s) of the material. 
An SRM is prepared and used for three main purposes: (1) to help develop accurate methods 
of analysis; (2) to calibrate measurement systems used to facilitate exchange of goods, 
institute quality control, determine performance characteristics, or measure a property at the 
state-of-the-art limit; and (3) to ensure the long-term adequacy and integrity of measurement 
quality assurance programs. 


 
3.14. Mass spectrometry technique where ions resulting from fragmentation are selectively 


monitrored, therefore excluding other ions.  The technique enhances sensitivity as compared 
to full scan analysis.  Because the analysis results in significantly less mass spectral 
information, this gain in sensitivity is made at the expense of analyte selectivity.  Therefore, 
the use of SIM results in significantly lower instrument detection limits, but increases the 
uncertainty associated with the analysis. 


4. INTERFERENCES 
 


4.1. Raw GC/MS data from all blanks, samples, and spikes must be evaluated for 
interferences.  Determine if the source of interference is in the preparation of the 
samples.  Corrective action should be taken to eliminate the interferences. 


 
4.2. Accurate determination of phthalate esters can pose difficulties when using this 


methodology.  Common flexible plastics contain varying amounts of phthalates.  These 
phthalates are easily extracted or leached from such materials during laboratory 
operations. Cross contamination of clean glassware may occur when plastics are handled 
during extraction steps, especially when solvent-wetted surfaces are handled.  
Interferences from phthalates can best be minimized by avoiding contact with any plastic 
materials.  Exhaustive cleanup of reagents and glassware may be required to eliminate 
background phthalate contamination. 
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4.3. Contamination by carryover can occur whenever high-concentration and low-
concentration samples are sequentially analyzed.  To reduce carryover, the sample 
syringe must be rinsed out between samples with solvent.  Whenever an unusually 
concentrated sample is encountered, it should be followed by the analysis of an 
instrument blank to check for cross contamination. 


5. SAFETY 
 


5.1. All appropriate safety precautions for handling solvents, reagents and samples must be 
taken when performing this procedure.  This includes the use of personal protective 
equipment, such as, safety glasses, lab coat and the correct gloves.   


 
5.2. Chemicals, reagents and standards must be handled as described in the ALS safety policies, 


approved methods and in MSDSs where available.  Refer to the ALS Environmental, Health 
and Safety Manual and the appropriate MSDS prior to beginning this method. 


 
5.3.  This method uses Methylene Chloride, a known human carcinogen.  Viton brand gloves 


should be used while rinsing, pouring or transferring the solvent. 


6. SAMPLE COLLECTION, CONTAINERS, PRESERVATION AND STORAGE 
 


6.1. Certified clean containers should be purchased for sample collection.  Alternatively, 
containers used to collect samples for the determination of semivolatile organic compounds 
should be soap and water washed followed by methanol (or isopropanol) rinsing.  The 
sample containers should be of glass or Teflon and have screw-top covers with Teflon liners. 
In situations where Teflon is not available, solvent-rinsed aluminum foil may be used as a 
liner.  Highly acidic or basic samples may react with the aluminum foil, causing eventual 
contamination of the sample.  Plastic containers or lids may not be used for the storage of 
samples due to the possibility of sample contamination from the phthalate esters and other 
hydrocarbons within the plastic. 


 
6.2. Water and soil samples should be iced or refrigerated at 4  2�C from time of collection until 


extraction.  Tissue samples are stored frozen until extraction. 
 
6.3. Water samples must be extracted within 7 days.  Soil samples must be extracted within 14 


days.  Holding times for tissues are typically defined by project specifications, otherwise 
tissue samples may be held frozen up to one year before extraction.  All extracts must be 
analyzed within 40 days following extraction.  All extracts are stored at < -10oC. 


7. STANDARDS, REAGENTS, AND CONSUMABLE MATERIALS 
 
7.1. Reagent grade chemicals shall be used in all tests.  Other grades may be used, provided it is 


first ascertained that the reagent is of sufficiently high purity to permit its use without 
lowering the accuracy of the determination.  The preparation for all laboratory prepared 
reagents and solutions must be documented in a laboratory logbook.  Refer to the SOP 
Reagent/Standards Login and Tracking (ADM-RTL) for the complete procedure and 
documentation requirements. 
 


7.2. BSTFA + TMCS 99:1, Supelco 33154-U: This is used to derivatize the phenols in extracts. 
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7.3. Stock Standard Solutions  
 
7.3.1. Stock standard solutions may be purchased from a number of vendors.  All reference 


standards, where possible, must be traceable to SI units or NIST certified reference 
materials.  Commercially prepared stock standards are typically used when available 
at a concentration of 100 ug/ml or more.  Standard concentrations can be verified by 
comparison versus an independently prepared standard. Alternatively, prepare stock 
standard solutions at a concentration of 1000 μg/ml by dissolving 0.0100 g of 
reference material in methylene chloride or other suitable solvent and diluting to 
volume in a 10mL volumetric flask.  Larger volumes can be used at the convenience 
of the analyst.  When compound purity is assayed to be 96% or greater, the weight 
can be used without correction to calculate the concentration of the stock standard. 


 
7.3.2. Transfer the stock standard solutions into amber Teflon-sealed crimp top 


autosampler vials at -10°C and protect from light, or store as recommended by the 
manufacturer. Stock standards should be checked frequently for signs of degradation 
or evaporation, especially just prior to preparing calibration standards from them. 
The expiration date is 1 year.   


 
7.3.3. Unopened stock standards and neat materials have an expiration date equal to the 


manufacturer’s recommendation.  Neat material that does not have a manufacturer’s 
recommended expiration date should be replaced after five years. Stock standard 
solutions received in sealed ampules with manufacture expiration dates in excess of 
1 year have an expiration date of 1 year from the date of opening the sealed ampule. 


 
7.4. Internal Standard Solutions - The internal standards are 1,4-dichlorobenzene-d


4
, 


naphthalene-d
8
, acenaphthene-d


10
, phenanthrene-d


10
, chrysene-d


12
, and perylene-d


12
 (See 


Table 3 for corresponding compounds).  The nominal concentration of the standard is 
100ppb.  For ultra low-level analyses, use 10ppb.  Each 100 uL of sample extract undergoing 
analysis should be spiked with 1 μL of the internal standard solution.  Store at -10°C or less 
when not being used.  When using premixed certified solutions, store according to the 
manufacturer’s recommendations. The expiration date is 1 year.   
 


7.5. GC/MS Tuning Standard - A methylene chloride solution containing 
decafluorotriphenylphosphine (DFTPP) and pentachlorophenol is prepared. The 
concentration used (ng injected) will vary depending on the instrument model and/or 
sensitivity, but generally is 10-50ng.  Store at -10°C or less when not being used, or store 
according to the manufacturer’s recommendations. The expiration date is 1 year.   
 


7.6. Calibration Standards  
 
7.6.1. A minimum of five initial calibration standards must be prepared from stock 


solutions (note that a seven point calibration is recommended).  One of the 
calibration standards must be at a concentration at or below the method reporting 
limit.  The others should correspond to the range of concentrations found in 
samples, but should not exceed the working range of the GC/MS system.  Each 1 ml 
aliquot of calibration standards should be spiked with 10 μL of the internal standard 
solution prior to analysis.  All calibration standards should be stored at -10°C or less 
and should be freshly prepared from stocks every 365 days, or sooner if check 
standards indicate a problem.   
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7.6.2. A calibration range of 10-5000 ng/ml is recommended.  Higher concentrations may 
be prepared for poorer performing analytes. Calibration levels and injection amount 
may be adjusted to meet project-specific requirements. 


 
7.6.3. The daily calibration standard (CCV) is prepared at a mid-level concentration from 


stock solutions.  The CCV is prepared weekly and can be stored at 4 ± 2°C, or as 
recommended by the manufacturer.  


 
7.7. QC Standards  


 
7.7.1. Surrogates: Prepare a working solution in methanol containing 2-fluorophenol, 


phenol-d6, and 2,4,6-tribromophenol at 150 ng/μL and nitrobenzene-d5, 2-
fluorobiphenyl, and terphenyl-d14 at 100 ng/μL.  This solution may be combined 
with the surrogate solution used to monitor analyses for PAHs only (Biphenyl-d8, 
Fluorene-d10, and Fluoranthene-d10).  Custom project-specific surrogate solutions 
may also be used.  Aliquots of the solution are spiked into all extracted samples, 
blanks, and QC samples according to the extraction SOP used. 


 
7.7.2. Matrix Spike Standards: Prepare a working solution in methanol containing all 


analytes of interest (“full list spike”).  Base-Neutral analytes and acid analytes are 
prepared at a concentration of 100 ng/ul.  Aliquots of the solution are spiked into 
the selected QC aliquots according to the extraction SOP used. 


8. APPARATUS AND EQUIPMENT 
 


8.1. Gas Chromatograph/Mass Spectrometer System 
 


8.1.1. Gas Chromatograph - An analytical system complete with a temperature-
programmable gas chromatograph suitable for splitless, split, or large-volume  
injection and all required accessories, including syringes, analytical columns, and 
gases.  The capillary column should be directly coupled to the source. 


 
8.1.2. Column:  5% Dipenyl, 95% Dimethyl Polysiloxane - 30 m x 0.25 mm ID x 0.25 μm 


film thickness silicone-coated fused-silica capillary column or equivalent.  Some 
projects may require a similar column, but with a different phase, to achieve 
improved separation. 


 
8.1.3. Mass Spectrometer - Capable of scanning from 35 to 500 amu every 1 second or 


less, using 70 volts (nominal) electron energy in the electron impact ionization 
mode, and capable of operating in the SIM mode. 


 
8.1.4. GC/MS Interface - Any GC-to-MS interface that gives acceptable calibration points 


for each compound of interest and achieves acceptable tuning performance 
criteria may be used. 


 
8.1.5. Data System - A computer system must be interfaced to the mass spectrometer.  


The system must allow the continuous acquisition and storage on machine-
readable media of all mass spectra obtained throughout the duration of the 
chromatographic program.  The computer must have software that can search any 
GC/MS data file for ions of a specific mass and that can plot such ion abundances 
versus time or scan number.  This type of plot is defined as an Extracted Ion 
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Current Profile (EICP).  Software must also be available that allows integrating the 
abundances in any EICP between specified time or scan-number limits.   


 
8.2. Appropriate analytical balance (0.0001 g), volumetric flasks, syringes, vials, and bottles 


for standards preparation. 


9. PREVENTIVE MAINTENANCE 
 
9.1. All maintenance activities are recorded in a maintenance logbook kept for each 


instrument.  Pertinent information (serial numbers, instrument I.D., etc.) must be in the 
logbook.  This includes the routine maintenance described in section 9.  The entry in the 
log must include: date of event, the initials of who performed the work, and a reference 
to analytical control.  
 


9.2. Carrier gas - Inline purifiers or scubbers should be in place for all sources of carrier gas.  
These are selected to remove water, oxygen, and hydrocarbons.  Purifiers should be 
changed as recommended by the supplier.   
 


9.3. Gas Chromatograph 
 
9.3.1. Whenever GC maintenance is performed, care should be taken to minimize the 


introduction of air or oxygen into the column.  Injection port maintenance may 
include swabbing out the port, changing the injection port liner, seal, washer, o-
ring, septum, column ferrule, and autosampler syringe as needed.  Liners and 
seals should be changed when recent sample analyses predict a problem with 
chomatographic performance.  In some cases liners and seals may be cleaned and 
re-used. 


 
9.3.2. Clipping off a small portion of the head of the column often improves 


chromatographic performance.  When cutting off any portion of the column, make 
sure the cut is straight and “clean” (uniform, without fragmentation) by using the 
proper column cutting tool.   


 
9.3.3. Over time, the column will exhibit poorer overall performance, as indicated by 


poor peak shape and reduced responses. The length of time for this to occur will 
depend on the samples analyzed.  When a noticeable decrease in performance is 
evident, more thorough maintenance is necessary.  Some steps are to solvent 
rinse the split vent and septum lines with a mix of 20% methanol in DCM.  When 
these and other maintenance options do not result in improvement, the column 
should be replaced.  This is especially true when evident in conjunction with 
calibration difficulties.   


 
9.4. Mass Spectrometer 


 
9.4.1. For units under service contract, certain maintenance is performed by instrument 


service staff, including pump oil changed, vacuuming boards, etc., as 
recommended by the manufacturer. 


 
9.4.2. MS source cleaning should be performed as needed, depending on the 


performance of the unit.  This may be done by the analyst or by instrument 
service staff. 
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9.4.3. Tune the MS as needed to result in consistent and acceptable performance while 


meeting the required ion abundance criteria given in section 11. 


10. RESPONSIBILITIES 
 


10.1. It is the responsibility of the analyst to perform the analysis according to this SOP and to 
complete all documentation required for data review.  Analysis and interpretation of the 
results are performed by personnel in the laboratory who have demonstrated the ability to 
generate acceptable results utilizing this SOP.  This demonstration is in accordance with the 
training program of the laboratory.  Final review and sign-off of the data is performed by the 
department supervisor/manager or designee.   


 
10.2. It is the responsibility of the department supervisor/manager to document analyst training. 


Documenting method proficiency, as described in the ADM-TRAIN, ALS-Kelso Training 
Procedure is also the responsibility of the department supervisor/manager.    


11. PROCEDURE 
 
11.1. Sample Preparation 


 
11.1.1. Water, soil, tissue and waste samples are prepared using the appropriate 


extraction and cleanup methods (refer to SOPs) and may be screened by GC/FID 
(see screening SOP).  Soil, tissue, waste, and colored water extracts may be 
cleaned using EPA Method 3640 (GPC).   


 
11.1.2. Tissue extracts and standards that are to be analyzed for phenols are derivatized 


by the following procedure:  100 ul of BSTFA+TMCS is added to 1.0 ml of the 
extract or standard in 2 ml autosampler vial.  The vial is then sealed with a cap 
and heated to 60 C for 1.0 hour. 


 
11.1.3. Following sample preparation, sample extracts are then transferred to the extract 


cold storage unit.  Extracts must be analyzed within 40 days of extraction.    
 


11.2. Typical GC/MS operating conditions are listed below, but should be optimized for specific 
instruments and projects to achieve optimal performance for the application.   


 
Ion dwell time:  10 – 50 msec per ion 
Initial temperature:  40°C, hold for 1 minutes 
Temperature program: 40-150°C at 10°C/min hold for 2 minutes 
Temperature program: 150-270°C at 15°C/min hold for 2 minutes 
Final temperature:  270-300°C at 30°/min, hold for 4.33 minutes 
Injector temperature:  275°C 
Detector interface temp: 300°C 
Injector:   Atas Optic, Agilent PTV or equivalent (parameters 
are method-specific) 
Sample volume:  0.5-20 μL 
Carrier gas:   helium at 1.3ml/min (constant flow) 


 
11.3. Selected Ion Acquisition 
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11.3.1. Determine the ions to be monitored for the compounds of interest.  Refer to Table 
2 for characteristic ions.  At a minimum, 2 ions (preferably 3 or more) are 
monitored for each compound, and a minimum of 3 monitored for halogenated 
compounds and compounds with more complex fragmentation patterns.  Set the 
SIM windows in order to monitor the correct ions at the correct time, based on 
chromatographic elution of the compounds.  This can be setup by analyzing a 
standard using a full scan analysis and using the GC conditions of the SIM 
analysis.  This analysis will give retention time and spectral information for 
determining the location of start times for the SIM groups or windows.  This is 
often referred to as a “locator” analysis.   


 
11.3.2. Select the dwell times to be used for each group of ions to be monitored.  Dwell 


times should be selected in order to provide a sufficient number of measurements 
across the chromatographic peak to accurately define the peak shape.  Too few 
measurements across the peak will result in poor definition of the peak and 
subsequently result in poor accuracy and precision of results.  Too many 
measurements across the peak may result in inconsistent detector behavior over 
the calibration range.  Significant differences in dwell times may also affect 
sensitivity.    


 
11.4. Initial Calibration 


 
NOTE:    The calibration procedure(s) and options chosen must follow the ALS protocols.  
Any exceptions to the calibration procedures detailed in the ALS SOP for Calibration of 
Instruments for Organics Chromatographic Analyses (SOC-CAL) are described as follows: 
 
11.4.1. Prior to calibration, analyze the GC/MS tuning standard using instrument 


conditions used for calibration.  The DFTPP solution is analyzed to verify GC/MS 
tuning, injection port inertness, and GC column performance. This injection is 
acquired in full scan mode and evaluated in accordance with the method specified 
criteria. 


 
11.4.2. Evaluate the spectrum obtained for DFTPP against the tuning criteria in Table 4 


and 4A. The GC/MS must meet the DFTPP ion abundance criteria prior to further 
analyses. Once the instrument is tuned, all subsequent analyses of standards, 
samples, and QA/QC samples must be analyzed using the identical mass 
spectrometer operating conditions.  If hardware tuning criteria cannot be met, the 
source may need cleaning, filaments replaced or other maintenance. The 
following tune verification options can be used. 


 
 Three scans (the peak apex scan and the scans immediately preceding and 


following the apex) are acquired and averaged.  Background subtraction is 
required, and must be accomplished using a single scan acquired no more 
than 20 scans prior to elution of DFTPP.  The background subtraction 
should be designed only to eliminate column bleed or instrument 
background ions.  Do not subtract part of the tune peak or part of any 
other peak eluting close to the tune peak. 


 Use one scan at the apex of the peak.  Background subtraction is required, 
and must be accomplished using a single scan acquired no more than 20 
scans prior to the elution of DFTPP. The background subtraction should be 
designed only to eliminate column bleed or instrument background ions.  
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Do not subtract part of the tune peak or part of any other peak eluting 
close to the tune peak. 


 Use one scan either directly preceding or following the apex of the peak. 
Background subtraction is required, and must be accomplished using a 
single scan acquired no more than 20 scans prior to the elution of DFTPP. 
The background subtraction should be designed only to eliminate column 
bleed or instrument background ions.  Do not subtract part of the tune 
peak or part of any other peak eluting close to the tune peak. 


 Use the average across the entire peak up to a total of 5 scans.  Peak 
integration must be consistent with standard operating procedure.  If the 
peak is wider than 5 scans, the tune will consist of the peak apex scan and 
the two scans immediately preceding and following the apex.  Background 
subtraction is required, and must be accomplished using a single scan 
acquired no more than 20 scans prior to the elution of DFTPP.  The 
background subtraction should be designed only to eliminate column 
bleed or instrument background ions.  Do not subtract part of the tune 
peak or part of any other peak eluting close to the tune peak. 


 
11.4.3. To assess column performance and injection port inertness, pentachlorophenol 


should be present at an acceptable level and peak tailing should not be excessive. 
Tailing is evaluated using a tailing factor.  The tailing factor is calculated by the 
processing software as follows (also refer to EPA 8270D, Figure1): 


 
Tailing Factor = PeakBack/PeakFront    


 
Where: 


PeakBack is the time from Peak Apex to Peak End measured at 10% 
of the peak height  
PeakFront is the time from Peak Start to Peak APEX measured at 
10% of the peak height. 


 
The tailing factor should not exceed 2. If excessive tailing or poor 
chromatography is noted, the injection port may require cleaning.  It may also be 
necessary to remove the first 15-30 cm of the GC column.   


 
11.4.4. The internal standards should permit most of the components of interest in the 


chromatogram to have retention times of 0.80-1.20 relative to one of the internal 
standards.  Refer to Table 3 for internal standards and corresponding analytes 
assigned for quantitation.  Use the base peak ion from the specific internal 
standard as the primary ion for quantitation (See Table 2).  If interferences are 
noted, use the next most intense ion as the quantitaion ion (i.e. for 1,4-
dichlorobenzene-d


4
, use 152 m/z for quantitation). 


 
11.4.5. Analyze each calibration standard (containing internal standards) and tabulate the 


area of the primary characteristic ion against concentration for each compound 
(as indicated in Table 2).  Calculate response factors (RFs) for each compound 
relative to one of the internal standards as follows: 


 
RF = (A


x
C


is
)/(A


is
C


x
) 


 
where: 
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A


x  
=  Area of the characteristic ion for compound being measured. 


A
is  


=  Area of the characteristic ion for specific internal standard. 
C


is  
=  Concentration of the specific internal standard (ng/μL). 


C
x  
=  Concentration of the compound being measured (ng/μL). 


 
11.4.6. The recommended minimum acceptable average RF for target analytes is given in 


Table 5. If the RF does not meet these recommendations the GC system may 
require maintenance (see section 9) and recalibration. 


 
11.4.7. The percent relative standard deviation (%RSD) should be less than 20% for each 


compound. The relative retention times of each compound in each calibration run 
should agree within 0.06 relative retention time units. 


 


%RSD =  
SD


RF
 x 100


 
 
where: 
 RSD = relative standard deviation. 
 __      
 RF = mean of 5 initial RFs for a compound. 
 SD = standard deviation of average RFs for a compound. 
 
 


SD =  
( RF  -  RF )


N -  1


i=1


i
2


N



 
 
where: 
 
RF = RF for each of the 5 calibration levels 


i  


N = Number of RF values (i.e., 5) 
 


11.4.8. Linearity - If the % RSD of any compound is 20% or less, then the relative response 
factor is assumed to be constant over the calibration range, and the average 
relative response factor may be used for quantitation. 


 
11.4.9. If the %RSD for a compound is >20%, then alternative calibration models should be 


used.  See the SOP (SOC-CAL) Calibration of Instruments for Organics 
Chromatographic Analysis for further guidance. 


 
11.5. Review of calibration curve 


 
11.5.1. The calibration curve must be reviewed to ensure it represents the calibration 


data.  This is done by re-fitting each calibration level against the true 
concentration of each calibration standard.  See the SOP (SOC-CAL) Calibration of 
Instruments for Organics Chromatographic Analysis for further guidance. 


 
11.6. Independent Calibration Verification 
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11.6.1. Following initial calibration, analyze an ICV standard.  The ICV solution must 


contain all analytes in the calibration standards.  Calculate the concentration 
using the typical procedure used for quantitation. Calculate the percent difference 
(%D) from the ICV true value.  For each compound of interest, the calculated value 
must be ± 30% of the true value for the initial calibration to be valid.   


 
11.7. Continuing Calibration 


 
11.7.1. Following an acceptable tune, a calibration standard, or standards, at mid-


concentration containing all semivolatile analytes, and all required surrogates, 
must be analyzed every 12 hours during analysis. 


 
11.7.2. For each compound in the continuing calibration standard, a minimum response 


factor given in Table 5 should be met. If the minimum response factors are not 
met, the system must be evaluated, and corrective action must be taken before 
sample analysis begins. Some possible problems are standard mixture 
degradation, injection port inlet contamination, contamination at the front end of 
the analytical column, and active sites in the column or chromatographic system. 


 
11.7.3. If the percent difference or percent drift for each compound is less than or equal 


to 20%, the initial calibration is assumed to be valid and the analysis of samples 
may begin. 


 
 
   Calculate the percent drift using: 
 


% Drift =  C  -  C


C
 x 100c1


1


 


 
where: 


 
C


1
 = Compound standard concentration. 


C
c
 = Measured concentration using selected quantitation method. 


 
11.7.4. If the percent difference or percent drift for a compound is less than or equal to 


20%, then the initial calibration for that compound is assumed to be valid. Due to 
the large number of compounds that may be analyzed by this method, some 
compounds may fail to meet the ≤ 20% criteria. If no more than 20% of the 
compounds, included in the initial calibration, differ from their true concentration 
by 40%, the initial calibration is valid and no corrective action is necessary. 


 
11.7.5.  In cases where compounds fail, they may still be reported as non-detects if it can 


be demonstrated that there was adequate sensitivity to detect the compound at 
the applicable quantitation limit.  


 
11.7.6. Non-detected analytes can be reported from analyses when a CCV exhibit a 


positive bias (i.e., outside the upper control limit), no further documentation is 
required. 
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11.7.7. For situations when the CCV fails to meet the criterion in section 11.7.3, and a 
confirmed detection exceeds the MRL, the sample must be reanalyzed to ensure 
accurate quantification. If it is not possible to reanalyze the sample, the result 
must be reported as an estimated value. 


 
11.7.8. The internal standard responses and retention times in the calibration check 


standard must be evaluated immediately after or during data acquisition.  If the 
retention time for any internal standard changes by more than 30 seconds from 
that in the midpoint standard of the most recent initial calibration sequence, the 
chromatographic system must be inspected for malfunctions and corrective action 
identified, as required.  If the EICP area for any of the internal standards changes 
by a factor of two (50% to 200%) from that in the midpoint standard of the most 
recent initial calibration sequence, the chromatographic system must be 
inspected for malfunctions and corrective action identified, as appropriate.  When 
corrective action is taken, reanalysis of samples analyzed while the system was 
malfunctioning is required.  Update the reference spectra and retention times in 
the quantitation database for the instrument method or ID file.  The initial 
calibration average RF or calibration curve is then used in the quantitation of 
subsequent analyses. 


 
11.7.9. A blank (method blank, GPC blank, or solvent blank) should be analyzed after the 


CCV, or at any other time during the analytical shift, to prove the system is free of 
contaminants.  If contaminants are found in a method blank or GPC blank, then a 
solvent blank should be analyzed to help isolate the source of contamination. 


    
11.8. GC/MS Analysis 


 
11.8.1. Evaluate FID screen, if performed, and make proper dilution (See FID screening 


SOP). 
 
11.8.2. Spike the 1 ml extract obtained from sample preparation with 10 μL of the 


internal standard solution just prior to analysis.  Use the same operating 
conditions as were used for initial calibration. 


 
11.8.3. If the response for any quantitation ion exceeds the initial calibration curve range 


of the GC/MS system, extract dilution must take place.  Additional internal 
standard must be added to the diluted extract to maintain the required 
concentration of each internal standard in the extracted volume.  The diluted 
extract must be reanalyzed. 


 
11.8.4. Store the extracts at -10°C or less, protected from light in vials equipped with 


unpierced Teflon lined septa.  Archive extract in freezer for 3 months after 
analysis in the instrument/date specific storage boxes. 


12. QA/QC REQUIREMENTS 
 


12.1. In addition to instrument criteria for calibration, the ability of each analyst/instrument to 
generate acceptable accuracy and precision must be documented prior to sample analysis 
(IPR study). This must be validated before analysis of samples begins, or whenever significant 
changes to the procedures have been made.  To do this, four deionized water samples are 
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spiked with each target analyte, extracted, and analyzed. Refer to Method 8270D Section 8.3 
for this requirement and acceptance criteria. 


 
12.2. Method Detection Limits 
 


12.2.1. For projects that require reporting to the method detection limit (MDL), a method 
detection limit (MDL) study must be undertaken before analysis of samples can 
begin.  To establish detection limits that are precise and accurate, the analyst must 
perform the following procedure.  Spike a minimum of seven blank replicates with a 
MDL spiking solution (at a level below the MRL) for each target analyte, extract, and 
analyze.  The MDL studies should be done for each matrix, prep method, and 
instrument.  Refer to the ALS SOP Performing Method Detection Limit Studies and 
Establishing Limits of Detection and Quantification. 


 
12.2.2. Calculate the average concentration found (x) in the sample concentration, and the 


standard deviation of the concentrations for each analyte.  Calculate the MDL for 
each analyte using the correct T value for the number of replicates.  The MDL study 
must be verified annually. 


 
12.3. Limits of Quantification (LOQ) 


 
12.3.1. The laboratory establishes a LOQ for each analyte as the lowest reliable laboratory 


reporting concentration or in most cases the lowest point in the calibration curve 
which is less than or equal to the desired regulatory action levels, based on the 
stated project requirements. Analysis of a standard or extract prepared at the lowest 
point calibration standard provides confirmation of the established sensitivity of the 
method. The LOQ recoveries must be within 50% of the true values to verify the data 
reporting limit. Refer to CE-QA011, Performing Method Detection Limit Studies and 
Establishing Limits of detection and Quantification.  


 
12.4. The Method Reporting Limits (MRLs) used at ALS are the routinely reported lower limits of 


quantitation which take into account day-to-day fluctuations in instrument sensitivity as well 
as other factors.  These MRLs are the levels to which ALS routinely reports results in order to 
minimize false positive or false negative results.   The MRL is normally two to ten times the 
method detection limit. 


 
12.5. Ongoing QC Samples required are described in the ALS-Kelso Quality Assurance Manual and 


in the SOP for Sample Batches.  In general, these include:  
 


12.5.1. Method blank - A method blank is extracted and analyzed with every batch of 20 or 
fewer samples to demonstrate that there are no method interferences.  The method 
blank must demonstrate that interferences from the analytical and preparation steps 
minimized.  No target analytes should be detected above the MRL in the method 
blank.  For some project specific needs, exceptions may be noted and method blank 
results above the MRL may be reported for common lab contaminants (phthalate 
esters, etc.). 


 
12.5.2.  A lab control sample (LCS) must be extracted and analyzed with every batch of 20 or 


fewer samples.  The LCS is prepared by spiking a blank with the matrix spike 
solution, and going through the entire extraction and analysis.  Calculate percent 
recovery (%R) as follows: 
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%R = X/TV x 100 
 
Where X = Concentration of the analyte recovered 
TV = True value of amount spiked 


 
 
Compare the %R to LCS acceptance criteria, located in the current ALS-Kelso DQO 
tables.  If the lab control sample (LCS) fails acceptance limits for any of the 
compounds, the analyst must evaluate the system and calibration.  Corrective action 
must be taken. 


 
12.5.3. A matrix spike/duplicate matrix spike (MS/DMS) must be extracted and analyzed 


with every batch of 20 or fewer samples.  The MS is prepared by spiking a sample 
aliquot with the matrix spike solution, and going through the entire extraction and 
analysis.  Calculate percent recovery (%R) as follows: 
 
 


%R =  
X -  X1


TV
 x 100


  
 
Where X = Concentration of the analyte recovered 


X1 = Concentration of unspiked analyte 
TV = True value of amount spiked 


 
Calculate Relative Percent Difference (RPD) as:    
 


100 x 
R2)/2 + (R1


R2 - R1
 = RPD%


  
 
Where R1 = recovered amount in the higher result  
 R2 = recovered amount in the lower result 


 
Compare the %R and RPD to MS/DMS acceptance criteria, located in the current ALS-
Kelso DQO tables.  If the MS/DMS recovery is out of acceptance limits for reasons 
other than matrix effects, corrective action must be taken. 


 
12.5.4. The acceptance limits for the surrogates are given in the current ALS-Kelso DQO 


tables.  If any surrogate recovery is outside acceptance criteria, the sample data must 
be closely evaluated for possible matrix interferences.  If none are present, then 
corrective action must be taken.  The sample should be re-analyzed if instrument 
factors (calibration, injection port) are suspected.  If not, re-extraction and re-analysis 
is required, except in cases of high recovery and no positive hits in the sample for 
the analyte class represented by the particular surrogate.     


 
12.5.5. Corrective action – When a data quality objective is not met, the initial corrective 


action will include a review of the raw data for potential calculation and/or 
integration errors.  If this review does not correct the problem, the following 
corrective actions will be performed. 
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12.5.5.1.Method Blank – No target analyte should be detected in a method blank at 
or above the method reporting limit (1/2 the MRL for DoD projects).  If target 
analytes are detected in the method blank, the sample data must be reviewed 
for possible laboratory contribution.  Detections of target analytes greater 
than the MRL require a Nonconformity and Corrective Action Report (NCAR).  
A decision to reextract the associated samples will depend on the level of the 
contamination, data quality implications, and the intended use of the data. 
This is especially true for positive detections of common laboratory 
contaminants (e.g., phthalate esters).  At a minimum, all positive detections 
in the associated samples that are not more than 20X the concentration in 
the blank will be qualified with a “B”.  Also, as part of the corrective action, 
the problem will be discussed with the appropriate sample prep personnel in 
an effort to identify the contamination source. 


 
12.5.5.2.Laboratory Control Sample – The analysis should include a full list LCS spike. 


 All target analytes will be evaluated.  The following cases require corrective 
action: 


 
 If any control analytes do not meet acceptance criteria, the analytical 


batch should be considered out of control for that analyte.  Corrective 
action may include reinjection to verify the result.  If the result is 
confirmed, a NCAR will be filed. A decision to re-extract the 
associated samples will depend on the data quality implications and 
the intended use of the data.  If re-extraction is not feasible, all 
reported results for that analyte will be qualified and the data quality 
implications will be discussed in the case narrative. 


 In cases where a result is outside the upper control criterion, 
corrective action is only required if that analyte was also detected in 
field samples.  The associated samples with positive results should be 
re-extracted.  In cases where a result is outside the lower control 
criterion, the associated samples should be re-extracted.  If re-
extraction is not feasible, all reported results for that analyte will be 
qualified and the data quality implications will be discussed in the 
case narrative.  


 
12.5.5.3.Matrix Spike and Duplicate Matrix Spike Samples – A subset of analytes, as 


specified in Method 8270D, are monitored in the matrix spike and duplicate 
matrix spike analyses.  If a recovery is outside of control criteria, review the 
consistency between the two analyses.  If the result is supported between the 
two analyses, the outlier can be attributed to matrix interference.  Do not 
reanalyze the extract.  If the results do not support each other, reanalyze the 
extracts to verify the results.  If the results confirm, review the LCS recovery 
and take corrective action accordingly.  If the LCS recovery is acceptable, flag 
the matrix spike data and discuss potential data quality implications in the 
case narrative. 


 
12.5.5.4.Relative Percent Difference – For MS/DMS or LCS/DLCS, no corrective action 


is required based on RPD data alone.  However, the data should be reviewed 
for information that will help determine if the RPD problem is the result of a 
sample specific issue (e.g., the DMS was concentrated to dryness), or if the 
problem is representative of the entire analytical batch.  When the problem is 
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apparently universal to the batch, a NCAR will be filed and the batch will be 
re-extracted.  If results of the re-extraction confirm the original analyses of 
the field samples, the original data is reported and the RPD problems are 
discussed in the case narrative.  If results of the re-extraction confirm a 
problem in the original data, only the re-extracted data is reported. 


 
12.5.5.5.Surrogates – Up to six surrogates are used to monitor the analysis (three 


base-neutral compounds and three acid compounds). If any surrogate is 
recovered less than 10%, the analysis should be considered out of control for 
that sample.  Corrective action includes reinjection to verify the result.  If the 
result is confirmed, a NCAR will be filed and the sample will be re-extracted.  
If the re-extraction confirms the original results are biased due to matrix 
interferences, report the original data.  If re-extraction is not feasible, the 
surrogate will be qualified and the data quality implications will be discussed 
in the case narrative. 
 
Note:  If all target analytes are “acid” analytes, then only the acid surrogates 
are needed.  If all target analytes are base/neutral analytes, then only the 
base/neutral surrogates are needed. 


 
12.6. Additional QA/QC measures include control charting of QC sample results. 


13. DATA REDUCTION, REVIEW, AND REPORTING 
 
13.1. Qualitative Analysis - The qualitative identification of compounds determined by this 


procedure is based on retention time, and comparison of the sample mass spectrum with 
characteristic ions in a reference mass spectrum.  The reference mass spectrum must be 
generated by the laboratory using the instrument and conditions used for the sample 
analysis.  The characteristic ions from the reference mass spectrum are defined to be the 
ions monitored in the SIM mode and typically are the two or three ions of greatest relative 
intensity.  Compounds are identified as present when the criteria below are met. 


 
13.2. Qualitative Analysis - The qualitative identification of compounds determined by this 


procedure is based on retention time, and comparison of the sample mass spectrum with 
characteristic ions in a reference mass spectrum.  The reference mass spectrum must be 
generated by the laboratory using the instrument and conditions used for the sample 
analysis.  The characteristic ions from the reference mass spectrum are defined to be the 
ions monitored in the SIM mode and typically are the two or three ions of greatest relative 
intensity.  Compounds are identified as present when the criteria below are met. 


 
13.2.1. The intensities of the characteristic ions of a compound maximize in the same scan 


or within one scan of each other.  Selection of a peak by a data system target 
compound search routine where the search is based on the presence of a target 
chromatographic peak containing ions specific for the target compound at a 
compound-specific retention time will be accepted as meeting this criterion. 


 
13.2.2. The RRT of the sample component is within ± 0.06 RRT units of the RRT of the 


standard component. 
 


13.2.3. The relative intensities of the characteristic ions agree within 30% of the relative 
intensities of these ions in the reference spectrum. 
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13.2.4. Structural isomers that produce very similar mass spectra should be identified as 


individual isomers if they have sufficiently different GC retention times.  Sufficient GC 
resolution is achieved if the height of the valley between two isomer peaks is <25% of 
the sum of the 2 peak heights.  Otherwise, structural isomers are identified as 
isomeric pairs. 
 


13.2.5. Identification is hampered when sample components are not resolved 
chromatographically and produce mass spectra containing ions contributed by more 
than one analyte.  When the ion relative intensities do not agree within 30% due to 
these types of matrix interferences, the analyst uses professional judgement in 
determining whether the analyte is or is not present.  The analyst will take into 
account other knowledge of the sample, presence of other compounds, and other 
presumptive evidence available for review.  Difficulties will be noted in the case 
narrative. 


 
13.2.6. Evaluate internal standard areas in each sample.  If the area in the sample is less than 


50% or greater than 200% the area of in the CCV, corrective action must be taken.  
Depending on the analysis, this corrective action may include reinection or dilution of 
the extract followed by reinjection. 


 
13.3. Tentatively identified compound (TIC) cannot be reported using this method. 


 
13.4. Quantitation and Calculations 


 
13.4.1. The GC/MS data stations, in current use, all use the H-P RTE Integrator to generate 


the raw data used to calculate the standards xRF  values, the sample amounts, and 
the spike values.  The software does three passes through each data file.  The first 
two identify and integrate each internal standard and surrogate.  The third pass uses 
the time-drift information from the first two passes to search for all method analytes 
in the proper retention times and with the proper characteristic quantitation ions.  


When xRF  is used, calculate the extract concentration as follows: 
 


ex
x ISTD


ISTD x


C  =  
( Resp )( Amt )


( Resp )( RF )
 


 
 Where: C  = the concentration in the sample extract (ppm); 


ex


  Resp
x
 = the peak area of the analytes of interest; 


  Resp
ISTD


 = the peak area of the associated internal standard; 
  Amt


ISTD 
 = the amount, in ppm, of internal standard added 


 xRF  = the average response from the initial calibration. 
 


13.4.2. The concentration of analytes in the original sample is computed using the following 
equations: 


 


Aqueous Samples:   Concentration ( g / L) =  
(Cex) (Vf) (D)


(Vs)
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Where  Cex = Concentration in extract in μg/mL 
  Vf = Final volume of extract in mL 
  D = Dilution factor 
  Vs = Volume of sample extracted, liters 


 
 


Nonaqueous Samples:   Concentration (mg / Kg) =  
(Cex) (Vf) (D)


(W)
  


 
Where  Cex = Concentration in extract in μg/mL 


 Vf = Final volume of extract in mL 
 D = Dilution factor 
 W = Weight of sample extracted in grams. 


 
 
13.5. Data Review 
 


Following primary data interpretation and calculations, all data is reviewed by a secondary 
analyst.  Following generation of the report, the report is also reviewed. Refer to the SOP for 
Laboratory Data Review Process for details. 


 
13.6. Reporting 


 
Reports are generated in the ALS LIMS by compiling the SMO login, sample prep database, 
instrument, date, and client-specified report requirements (when specified).  This compilation 
is then transferred to a file which the Stealth reporting system uses to generate a report.  
The forms generated may be ALS standard reports, DOD, or client-specific reports.  The 
compiled data from LIMS is also used to create EDDs. 


14. CONTINGENCIES FOR HANDLING OUT-OF-CONTROL OR UNACCEPTABLE DATA 
 


14.1. Refer to the SOP for Nonconformity and Corrective Action (CE-QA008) for procedures for 
corrective action.  Personnel at all levels and positions in the laboratory are to be alert to 
identifying problems and nonconformities when errors, deficiencies, or out-of-control 
situations are detected.   


 
14.2. Handling out-of-control or unacceptable data 
 


14.2.1. On-the-spot corrective actions that are routinely made by analysts and result in 
acceptable analyses should be documented as normal operating procedures, and no 
specific documentation need be made other than notations in laboratory 
maintenance logbooks, runlogs, for example. 


 
14.2.2. Some examples when documentation of a nonconformity is required  using a 


Nonconformity and Corrective Action Report (NCAR):  
 


 Quality control results outside acceptance limits for accuracy and precision 
 Method blanks or continuing calibration blanks (CCBs) with target analytes above 


acceptable levels 
 Sample holding time missed due to laboratory error or operations 
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 Deviations from SOPs or project requirements 
 Laboratory analysis errors impacting sample or QC results 
 Miscellaneous laboratory errors (spilled sample, incorrect spiking, etc.) 
 Sample preservation or handling discrepancies due to laboratory or operations 


error. 


15. METHOD PERFORMANCE 
 


15.1. This method was validated through single laboratory studies of accuracy and precision.  
Refer to the reference method for additional method performance data available.  


 
15.2. The method detection limit (MDL) is established using the procedure described in CE-QA011, 


Performing Method Detection Limit Studies and Establishing Limits of Detection and 
Quantification.  Method Reporting Limits are established for this method based on MDL 
studies and as specified in the ALS Quality Assurance Manual.   


16. POLLUTION PREVENTION AND WASTE MANAGEMENT 
 


16.1. It is the laboratory’s practice to minimize the amount of solvents, acids, and reagents used 
to perform this method wherever feasibly possible.  Standards are prepared in volumes 
consistent with methodology and only the amount needed for routine laboratory use is kept 
on site.  The threat to the environment from solvents and/or reagents used in this method 
can be minimized when recycled or disposed of properly. 


 
16.2. The laboratory will comply with all Federal, State, and local regulations governing waste 


management, particularly the hazardous waste identification rules and land disposal 
restrictions as specified in the ALS Environmental Health and Safety Manual. 


 
16.3. This method uses Methylene Chloride and any waste generated from this solvent must be 


placed in the collection cans in the lab.  The solvent will then be added to the hazardous 
waste storage area and recycled off site. 


 
16.4. This method uses non-halogenated solvents and any waste generated from this solvent must 


be placed in the collection cans in the lab.  The solvent will then be added to the hazardous 
waste storage area and disposed of in accordance with Federal and State regulations.  


17. TRAINING 
 


17.1. Training outline – Training Plan 
 


17.1.1. Review literature (see references section).  Read and understand the SOP.  Also 
review the applicable MSDS for all reagents and standards used.  Following these 
reviews, observe the procedure as performed by an experienced analyst at least 
three times. 


 
17.1.2. The next training step is to assist in the procedure under the guidance of an 


experienced analyst for a period of 2-3 months.  During this period, the analyst is 
expected to transition from a role of assisting, to performing the procedure with 
minimal oversight from an experienced analyst.   
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17.1.3. Perform an Initial Demonstration of Capability (IDOC) as described in section 12.1. 
Summaries of the IDOC are reviewed and signed by the departments Technical 
Services Manager.  Copies of the IDOC and Training Plan are forwarded to QA for 
record keeping.  For applicable tests, IPR studies are performed in order to be 
equivalent to NELAC’s Initial Demonstration of Capability. 


 
17.2. Training is documented following ADM-TRAIN, ALS-Kelso Training Procedure.   
 


When the analyst training is documented by the supervisor on internal training 
documentation forms, the supervisor is acknowledging that the analyst has read and 
understands this SOP and that adequate training has been given to the analyst to 
competently perform the analysis independently. 


18. METHOD MODIFICATIONS 
 
18.1. There are no know modifications from the reference method. 


19. REFERENCES 
 
19.1. Semivolatile Organic Compounds by Gas Chromatography/Mass Spectrometry, Method 


8270D Revision 4, EPA Test Methods for Evaluating Solid Waste, SW-846, Update IV, February 
2007. 


 
 
19.2. ALS-Kelso SOPS 
 


19.2.1. Continuous Liquid-Liquid Extraction, EXT-3520 
 


19.2.2. Solid Phase Extraction, EXT-3535 
 


19.2.3. Automated Soxhlet Extraction, EXT-3541 
 


19.2.4. Silica Gel Cleanup, SOC-3630 
 


19.2.5. Gel Permeation Chromatography, SOC-3640 


20. CHANGES SINCE THE LAST REVISION 
 
20.1. Updated to current ALS format. 
20.2. Minor formatting and text corrections. 
20.3. Replaced “CAS” references to “ALS”. 
20.4. Updated internal SOP references. 
20.5. Updated to comply with EPA 8270D and references 
20.6. Sec 1.1 removed PQL as equivalent to MRL 
20.7. Sec 7.1 updated to comply with QA systems requirements 
20.8. Sec 7.2 is new 
20.9. Sec 9.1 updated to comply with QA systems requirements 
20.10. Sec 11.1.2 is new 
20.11. Sec 11 – updated % RSD from 15% to 20% and added referencing SOC-CAL for alternative 


curve fit.  Removed the use of ‘averaging’ of RSD for evaluating curves 
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20.12. Sec 11.4.3 – New, tailing factor. 
20.13. Sec 11.4.6 added reference to recommended RF 
20.14. Sec 11.6.1 changed ICV acceptance from 20% to 30% 
20.15. Sec 11.7.2 –through 11.7.5 updated 
20.16. Sec 11.7.4 is new 
20.17. Sec 14 updated 
20.18. Updated tables 
20.19. Removed DQOs from tables and from QC acceptance criteria sections, and referred to 


current DQO table. 
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TABLE 1A 
Target Analytes 


 
ANALYTE CAS No. MATRIX MDL MRL LOD LOQ UNITS
Pentachlorophenol 87-86-5 Soil 6 200 30 200 ug/kg
1,4-Dioxane 123-91-1 Soil 0.48 5 1 5 ug/Kg
PBDE 100 189084-64-8 Soil 0.014 0.1 0.03 0.1 ug/Kg
PBDE 128 CASID30336 Soil 0.013 0.1 0.03 0.1 ug/Kg
PBDE 138 182677-30-1 Soil 0.0059 0.1 0.01 0.1 ug/Kg
PBDE 153 68631-49-2 Soil 0.011 0.1 0.03 0.1 ug/Kg
PBDE 154 207122-15-4 Soil 0.007 0.1 0.02 0.1 ug/Kg
PBDE 17 147217-75-2 Soil 0.011 0.1 0.03 0.1 ug/Kg
PBDE 183 207122-16-5 Soil 0.03 0.1 0.03 0.1 ug/Kg
PBDE 190 CASID30338 Soil 0.014 0.1 0.03 0.1 ug/Kg
PBDE 203 CASID30339 Soil 0.016 0.1 0.03 0.1 ug/Kg
PBDE 206 63936-56-1 Soil 0.018 1.0 0.03 1.0 ug/Kg
PBDE 209 1163-19-5 Soil 0.029 1.0 0.03 1.0 ug/Kg
PBDE 28 41318-75-6 Soil 0.015 0.1 0.03 0.1 ug/Kg
PBDE 47 5436-43-1 Soil 0.12 0.1 0.03 0.1 ug/Kg
PBDE 66 189084-61-5 Soil 0.022 0.1 0.03 0.1 ug/Kg
PBDE 71 189084-62-6 Soil 0.0087 0.1 0.02 0.1 ug/Kg
PBDE 85 182346-21-0 Soil 0.0081 0.1 0.02 0.1 ug/Kg
PBDE 99 60348-60-9 Soil 0.019 0.1 0.03 0.1 ug/Kg
PBDE 47C13 (surr.) CASID30341 Soil NA NA NA NA %
PBDE 99C13 (surr.) CASID30342 Soil NA NA NA NA %
1,4-Dioxane-d8 (surr.) 17647-74-4 Soil NA NA NA NA %
Pentachlorophenol 87-86-5 Water 0.017 1 0.2 1 ug/L
1,4-Dioxane 123-91-1 Water 0.16 1 0.4 1 ug/L
Di(proplyene glycol) butyl ether 29911-28-2 Water 0.06 0.25 0.1 0.25 ug/L
PBDE 100 189084-64-8 Water 0.064 1.0 0.15 1.0 ng/L
PBDE 128 CASID30336 Water 0.11 1.0 0.3 1.0 ng/L
PBDE 138 182677-30-1 Water 0.1 1.0 0.3 1.0 ng/L
PBDE 153 68631-49-2 Water 0.11 1.0 0.3 1.0 ng/L
PBDE 154 207122-15-4 Water 0.075 1.0 0.15 1.0 ng/L
PBDE 17 147217-75-2 Water 0.12 1.0 0.3 1.0 ng/L
PBDE 183 207122-16-5 Water 0.1 1.0 0.3 1.0 ng/L
PBDE 190 CASID30338 Water 0.12 1.0 0.3 1.0 ng/L
PBDE 203 CASID30339 Water 0.095 1.0 0.15 1.0 ng/L
PBDE 206 63936-56-1 Water 0.09 10 0.15 10 ng/L
PBDE 209 1163-19-5 Water 0.39 10 0.5 10 ng/L
PBDE 28 41318-75-6 Water 0.21 1.0 0.5 1.0 ng/L
PBDE 47 5436-43-1 Water 0.11 1.0 0.3 1.0 ng/L
PBDE 66 189084-61-5 Water 0.34 1.0 0.5 1.0 ng/L
PBDE 71 189084-62-6 Water 0.1 1.0 0.3 1.0 ng/L
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STANDARD OPERATING PROCEDURE 


TABLE 1 – Target Analytes continued 
ANALYTE CAS No. MATRIX MDL MRL LOD LOQ UNITS
PBDE 85 182346-21-0 Water 0.059 1.0 0.15 1.0 ng/L
PBDE 99 60348-60-9 Water 0.12 1.0 0.3 1.0 ng/L
PBDE 99C13 (Surr.) CASID30342 Water NA NA NA NA %
PBDE 47C13 (Surr.) CASID30341 Water NA NA NA NA %
1,4-Dioxane-d8 (Surr.) 17647-74-4 Water NA NA NA NA %
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TABLE 1 – Tissue Analytes 
ANALYTE CAS No. MATRIX MDL MRL UNITS
1,2,4,5-Tetrachlorobenzene 95-94-3 Tissue 6.0 40 ug/Kg
1,2,4-Trichlorobenzene 120-82-1 Tissue 4.2 40 ug/Kg
1,2-Dichlorobenzene 95-50-1 Tissue 6.5 40 ug/Kg
1,3-Dichlorobenzene 541-73-1 Tissue 8.6 40 ug/Kg
1,4-Dichlorobenzene 106-46-7 Tissue 7.6 40 ug/Kg
2,3,4,6-Tetrachlorophenol 58-90-2 Tissue 40 40 ug/Kg
2,4,5-Trichlorophenol 95-95-4 Tissue 3.1 40 ug/Kg
2,4,6-Trichlorophenol 88-06-2 Tissue 3.1 40 ug/Kg
2,4-Dichlorophenol 120-83-2 Tissue 5.8 40 ug/Kg
2,4-Dimethylphenol 105-67-9 Tissue 17 40 ug/Kg
2,4-Dinitrophenol 51-28-5 Tissue 180 500 ug/Kg
2,4-Dinitrotoluene 121-14-2 Tissue 5.9 80 ug/Kg
2,6-Dinitrotoluene 606-20-2 Tissue 5.8 40 ug/Kg
2-Chloronaphthalene 91-58-7 Tissue 2.6 40 ug/Kg
2-Chlorophenol 95-57-8 Tissue 2.8 40 ug/Kg
2-Methyl-4,6-dinitrophenol 534-52-1 Tissue 260 500 ug/Kg
2-Methylnaphthalene 91-57-6 Tissue 4.1 40 ug/Kg
2-Methylphenol 95-48-7 Tissue 3.2 40 ug/Kg
2-Nitroaniline 88-74-4 Tissue 7.6 200 ug/Kg
2-Nitrophenol 88-75-5 Tissue 3.8 40 ug/Kg
3-Nitroaniline 99-09-2 Tissue 56 400 ug/Kg
4-Bromophenyl Phenyl Ether 101-55-3 Tissue 4.1 40 ug/Kg
4-Chloro-3-methylphenol 59-50-7 Tissue 3.0 40 ug/Kg
4-Chlorophenyl Phenyl Ether 7005-72-3 Tissue 3.0 40 ug/Kg
4-Methylphenol 106-44-5 Tissue 11 40 ug/Kg
4-Nitroaniline 100-01-6 Tissue 88 400 ug/Kg
4-Nitrophenol 100-02-7 Tissue 6.3 40 ug/Kg
Acenaphthene 83-32-9 Tissue 1.9 40 ug/Kg
Acenaphthylene 208-96-8 Tissue 3.5 40 ug/Kg
Acetophenone 98-86-2 Tissue 14 80 ug/Kg
Anthracene 120-12-7 Tissue 3.5 40 ug/Kg
Azobenzene 103-33-3 Tissue 2.5 40 ug/Kg
Benz(a)anthracene 56-55-3 Tissue 6.6 40 ug/Kg
Benzo(a)pyrene 50-32-8 Tissue 4.4 40 ug/Kg
Benzo(b)fluoranthene 205-99-2 Tissue 3.0 40 ug/Kg
Benzo(g,h,i)perylene 191-24-2 Tissue 2.7 40 ug/Kg
Benzo(k)fluoranthene 207-08-9 Tissue 2.3 40 ug/Kg
Benzyl Alcohol 100-51-6 Tissue 16 40 ug/Kg
Biphenyl 92-52-4 Tissue 5.1 40 ug/Kg
Bis(2-chloroethoxy)methane 111-91-1 Tissue 2.4 40 ug/Kg
Bis(2-chloroethyl) Ether 111-44-4 Tissue 3.0 40 ug/Kg
Bis(2-chloroisopropyl) Ether 39638-32-9 Tissue 15 40 ug/Kg
Bis(2-ethylhexyl) Phthalate 117-81-7 Tissue 66 200 ug/Kg
Butyl Benzyl Phthalate 85-68-7 Tissue 7.3 40 ug/Kg
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TABLE 1 – Tissue Analytes continued 
Caprolactam 105-60-2 Tissue 63 200 ug/Kg
Carbazole 86-74-8 Tissue 7.7 40 ug/Kg
Chrysene 218-01-9 Tissue 6.6 40 ug/Kg
Dibenz(a,h)anthracene 53-70-3 Tissue 3.5 40 ug/Kg
Dibenzofuran 132-64-9 Tissue 2.6 40 ug/Kg
Diethyl Phthalate 84-66-2 Tissue 9.0 40 ug/Kg
Dimethyl Phthalate 131-11-3 Tissue 3.6 40 ug/Kg
Di-n-butyl Phthalate 84-74-2 Tissue 100 100 ug/Kg
Di-n-octyl Phthalate 117-84-0 Tissue 11 40 ug/Kg
Fluoranthene 206-44-0 Tissue 7.8 40 ug/Kg
Fluorene 86-73-7 Tissue 2.5 40 ug/Kg
Hexachlorobenzene 118-74-1 Tissue 4.0 40 ug/Kg
Hexachlorobutadiene 87-68-3 Tissue 6.2 40 ug/Kg
Hexachloroethane 67-72-1 Tissue 12 40 ug/Kg
Indeno(1,2,3-cd)pyrene 193-39-5 Tissue 3.7 40 ug/Kg
Isophorone 78-59-1 Tissue 2.0 40 ug/Kg
Naphthalene 91-20-3 Tissue 4.9 40 ug/Kg
Nitrobenzene 98-95-3 Tissue 6.4 40 ug/Kg
N-Nitrosodimethylamine 62-75-9 Tissue 130 200 ug/Kg
N-Nitrosodi-n-propylamine 621-64-7 Tissue 22 40 ug/Kg
N-Nitrosodiphenylamine 86-30-6 Tissue 3.0 40 ug/Kg
Pentachlorophenol 87-86-5 Tissue 30 100 ug/Kg
Phenanthrene 85-01-8 Tissue 2.7 40 ug/Kg
Phenol 108-95-2 Tissue 45 100 ug/Kg
Pyrene 129-00-0 Tissue 4.4 40 ug/Kg
2,4,6-Tribromophenol (Surr.) 118-79-6 Tissue NA NA %
2-Fluorobiphenyl (Surr.) 321-60-8 Tissue NA NA %
2-Fluorophenol (Surr.) 367-12-4 Tissue NA NA %
Nitrobenzene-d5 (Surr.) 4165-60-0 Tissue NA NA %
Phenol-d6 (Surr.) 13127-88-3 Tissue NA NA %
Terphenyl-d14 (Surr.) 1718-51-0 Tissue NA NA %
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TABLE 1 – Tissue Analytes continued  
ANALYTE CAS No. MATRIX MDL MRL UNITS
PBDE 100 189084-64-8 Tissue 0.024 1 ug/Kg
PBDE 128 CASID30336 Tissue 0.014 1 ug/Kg
PBDE 138 182677-30-1 Tissue 0.0093 1 ug/Kg
PBDE 153 68631-49-2 Tissue 0.0095 1 ug/Kg
PBDE 154 207122-15-4 Tissue 0.011 1 ug/Kg
PBDE 17 147217-75-2 Tissue 0.018 1 ug/Kg
PBDE 183 207122-16-5 Tissue 0.01 1 ug/Kg
PBDE 190 CASID30338 Tissue 0.12 1 ug/Kg
PBDE 203 CASID30339 Tissue 0.012 1 ug/Kg
PBDE 206 63936-56-1 Tissue 0.017 1 ug/Kg
PBDE 209 1163-19-5 Tissue 0.042 1 ug/Kg
PBDE 28 41318-75-6 Tissue 0.015 1 ug/Kg
PBDE 47 5436-43-1 Tissue 0.024 1 ug/Kg
PBDE 66 189084-61-5 Tissue 0.046 1 ug/Kg
PBDE 71 189084-62-6 Tissue 0.026 1 ug/Kg
PBDE 85 182346-21-0 Tissue 0.028 1 ug/Kg
PBDE 99 60348-60-9 Tissue 0.041 1 ug/Kg
PDBE 47C13(Surr.) NA Tissue NA NA %
PDBE 99C13(Surr.) NA Tissue NA NA %
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TABLE 2 
TARGET COMPOUNDS AND CORRESPONDING PRIMARY AND SECONDARY QUANTITATION IONS 


 
Compound Min RF Primary 


Ion 
Secondary 


Ion 
Phenol 0.800 94 66 
1,3-Dichlorobenzene 0.050 146 148,111 
1,4-Dichlorobenzene-d 4 (I.S.) - 152 150 
1,4-Dichlorobenzene 0.050 146 148,111 
1,2-Dichlorobenzene 0.050 146 79148,111 
Benzyl alcohol 0.050 79 108,77 
2-Methylphenol 0.700 108 77 
Hexachloroethane 0.050 117 119,121 
3-and 4-Methylphenol (coelute) 0.600 108 77 
2,4-Dimethylphenol 0.200 122 107 
1,2,4-Trichlorobenzene 0.050 180 182,145 
Naphthalene-d 8 (I.S.) - 136 68 
Naphthalene 0.700 128 127 
Benzoic acid 0.050 122 105 
Hexachlorobutadiene 0.010 225 227,223 
2-Methylnaphthalene 0.400 141 142 
Acenaphthylene 0.900 152 153 
Dimethyl phthalate 0.01 163 164,194 
Acenaphthlene-d 10 (I.S.) - 164 162 
Acenaphthlene 0.900 154 153 
Dibenzofuran 0.800 168 139 
Fluorene 0.900 166 165 
Diethyl phthalate 0.010 149 177 
N-Nitrosodiphenylamine 0.010 169 168,167 
Hexachlorobenzene 0.100 284 249,142 
Pentachlorophenol 0.050 266 268 
Phenanthrene-d 10 (I.S.) - 188 94 
Phenanthrene 0.700 178 179 
Anthracene 0.700 178 176 
Di-n-butyl phthalate 0.010 149 150 
Fluoranthene 0.600 202 203 
Pyrene 0.600 202 203 
Butyl Benzyl Phthalate 0.010 149 91,206 
Benz (a) anthracene 0.800 228 226 
Chrysene-d 12 (I.S.) - 240 236 
Chrysene 0.700 228 226 
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TABLE 2 
TARGET COMPOUNDS AND CORRESPONDING PRIMARY AND SECONDARY QUANTITATION IONS 


(continued) 
 


Bis (2-ethylhexyl) phthalate 0.010 149 167,279 
Di-n-octyl phthalate 0.010 149 150,279 
Benzo(b)fluoranthene 0.700 252 126 
Benzo(k)fluoranthene 0.700 252 126 
Benzo(a)pyrene 0.700 252 126 
Perylene-d 12 (I.S.) - 264 260 
Indeno (1,2,3-cd) pyrene 0.500 276 277 
Dibenz (a, h) anthracene 0.400 278 279 
Benzo(g,h,i)perylene 0.500 276 277 
2-Fluorophenol (surr.) - 112 64 
Phenol-d 6 (surr.) - 99 71 
Nitrobenzene-d 5 (surr.) - 82 128 
2-Fluorobiphenyl (surr.) - 172 171 
2,4,6-Tribromophenol (surr.) - 330 332 
Terphenyl-d 14 (surr.) - 244 122 
1,4-Dioxane 0.010 88 58,43 
1,4-Dioxane-d8 0.010 96 64,48 
    


Derivatized Phenols 
2-Methylphenol 0.05 151 166,152 
4-Methylphenol 0.05 165 180,90 
2-Chlorophenol 0.05 185 200,93 
2,4-Dimethylphenol 0.05 194 179,105 
Benzoic Acid 0.05 179 105,135,194 
4-Chloro-3-methylphenol 0.05 199 214,201 
2,4-Dichlorophenol 0.05 219 234,183 
2-Nitrophenol 0.05 196 151,197 
2,4,6-Trichlorophenol 0.05 253 255,270 
2,4,5-Trichlorophenol 0.05 253 255,270 
4-Nitrophenol 0.05 196 211,150 
2,3,4,6-Tetrachlorophenol 0.05 289 287,304 
Pentachlorophenol 0.05 323 325,338 
2-Fluorophenol 0.05 91 184 
Phenol-d6 0.05 156 171 
2,4,6-Tribromophenol 0.05 389 404,227 
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TABLE 3 
 


SEMIVOLATILE INTERNAL STANDARDS WITH CORRESPONDING ANALYTES ASSIGNED FOR 
QUANITATION* 


 
 
1,4-Dichlorobenzene-d4 Naphthalene-d8 Acenaphthene-d10 
   
Phenol Benzoic Acid Acenaphthene 
Benzyl Alcohol 2,4-Dimethylphenol Acenaphthylene 
1,3-Dichlorobenzene Hexachlorobutadiene Dibenzofuran 
1,4-Dichlorobenzene Naphthalene Diethyl phthalate 
1,2-Dichlorobenzene 1,2,4-Trichlorobenzene Dimethyl phthalate 
2-Fluorophenol (surr.) 2-Methylnaphthalene Fluorene 
Hexachloroethane  2-Fluorobiphenyl (surr.) 
2-Methylphenol  Hexachlorocyclopentadiene 
4-Methylphenol  N-Nitrosodiphenylamine 
Phenol-d (6) (surr.)   
Nitrobenzene-d (5) (surr.)   
   
   
 
   
Phenanthrene-d10 Chrysene-d12 Perylene-d12 
   
Anthracene Benzo(a) anthracene Benzo(b)fluoranthene 
Di-n-butyl phthalate Bis (2-ethylhexyl)phthalate Benzo(k)fluoranthene 
Hexachlorobenzene Butyl benzyl phthalate Benzo(g,h,i)perylene 
Pentachlorophenol Chrysene Dibenz(a,h)anthracene 
Phenanthrene Pyrene Benzo(a)pyrene 
2,4,6-Tribromophenol (surr.) Terphenyl-d (14) (surr.) Indeno (1,2,3-ccd)pyrene 
Fluoranthene  Di-n-octyl-phthalate 
   
   
   
 
* Example list only 
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TABLE 4 
 DFTPP KEY IONS AND ION ABUNDANCE CRITERIA 
 


Mass Ion Abundance Criteria 
 51 30-60% of mass 198 
 68 < 2% of mass 69 
 70 < 2% of mass 69 
127 40-60% of mass 198 
197 < 1% of mass 198 
198 Base peak, 100% relative abundance 
199 5-9% of mass 198 
275 10-30% of mass 198 
365 > 1% of mass 198 
441 Present but less than mass 443 
442 > 40% of mass 198 
443 17-23% of mass 442 


 
TABLE 4A 


DFTPP KEY IONS AND ION ABUNDANCE CRITERIA 
FOR 5973 and newer GC/MS Systems 


 
Mass Ion Abundance Criteria 
51 10-80% of mass 198 
68 0-2% of mass 69 
70 0-2% of mass 69 
127 10-80% of 198 
197 0-2% of 198 
198 30-100% of 442 (alternate base) 
199 5-9% of 198 
275 10-60% of 198 
365 1-50% of 442 
441 0.01-100% of 443 
442 30-100% of 198 (alternate base) 
443 15-24% of 442 


                            
Alternate tuning criteria (from Method 525.2 or CLP OLM04.2) may be used provided that method 
performance is not adversely affected and that method performance criteria is met.  The criteria used 
must be the same for all ion abundance criteria checks associated with a given analysis.  For 
example, initial calibration, continuing calibration(s), QC, and sample analyses for a given sample 
must all use the same criteria.   
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TABLE 5 
TARGET COMPOUNDS AND RECOMMENDED MINIMUM RF 


 
Compound Min RF 
Phenol 0.800 
1,3-Dichlorobenzene 0.050 
1,4-Dichlorobenzene-d 4 (I.S.) - 
1,4-Dichlorobenzene 0.050 
1,2-Dichlorobenzene 0.050 
Benzyl alcohol 0.050 
2-Methylphenol 0.700 
Hexachloroethane 0.050 
3-and 4-Methylphenol (coelute) 0.600 
2,4-Dimethylphenol 0.200 
1,2,4-Trichlorobenzene 0.050 
Naphthalene-d 8 (I.S.) - 
Naphthalene 0.700 
Benzoic acid 0.050 
Hexachlorobutadiene 0.010 
2-Methylnaphthalene 0.400 
Acenaphthylene 0.900 
Dimethyl phthalate 0.01 
Acenaphthlene-d 10 (I.S.) - 
Acenaphthlene 0.900 
Dibenzofuran 0.800 
Fluorene 0.900 
Diethyl phthalate 0.010 
N-Nitrosodiphenylamine 0.010 
Hexachlorobenzene 0.100 
Pentachlorophenol 0.050 
Phenanthrene-d 10 (I.S.) - 
Phenanthrene 0.700 
Anthracene 0.700 
Di-n-butyl phthalate 0.010 
Fluoranthene 0.600 
Pyrene 0.600 
Butyl Benzyl Phthalate 0.010 
Benz (a) anthracene 0.800 
Chrysene-d 12 (I.S.) - 
Chrysene 0.700 
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TABLE 5 
TARGET COMPOUNDS AND RECOMMENDED MINIMUM RF 


(continued) 
 


Compound Min RF 
Bis (2-ethylhexyl) phthalate 0.010 
Di-n-octyl phthalate 0.010 
Benzo(b)fluoranthene 0.700 
Benzo(k)fluoranthene 0.700 
Benzo(a)pyrene 0.700 
Perylene-d 12 (I.S.) - 
Indeno (1,2,3-cd) pyrene 0.500 
Dibenz (a, h) anthracene 0.400 
Benzo(g,h,i)perylene 0.500 
2-Fluorophenol (surr.) - 
Phenol-d 6 (surr.) - 
Nitrobenzene-d 5 (surr.) - 
2-Fluorobiphenyl (surr.) - 
2,4,6-Tribromophenol (surr.) - 
Terphenyl-d 14 (surr.) - 
1,4-Dioxane 0.010 
1,4-Dioxane-d8 0.010 
  


Derivatized Phenols 
2-Methylphenol 0.05 
4-Methylphenol 0.05 
2-Chlorophenol 0.05 
2,4-Dimethylphenol 0.05 
Benzoic Acid 0.05 
4-Chloro-3-methylphenol 0.05 
2,4-Dichlorophenol 0.05 
2-Nitrophenol 0.05 
2,4,6-Trichlorophenol 0.05 
2,4,5-Trichlorophenol 0.05 
4-Nitrophenol 0.05 
2,3,4,6-Tetrachlorophenol 0.05 
Pentachlorophenol 0.05 
2-Fluorophenol 0.05 
Phenol-d6 0.05 
2,4,6-Tribromophenol 0.05 
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ANIONS BY ION CHROMATOGRAPHY 


1) Scope and Applicability 


1.1 This Standard Operating Procedure (SOP) is applicable to USEPA 300.0 & SW846-9056A 
and may be used to determine the following common anions in drinking water, non-
potable water, and chemical/solid wastes.  


 
Common Anions by Ion Chromatography  


Bromide Nitrate as N Chloride Sulfate 
Nitrite as N Fluoride   


 


1.2 In order to achieve acceptable detection limits, an ion chromatographic system must 
utilize suppressed conductivity detection, be properly maintained, and must be 
capable of yielding a baseline with no more than 5 nS noise/drift per minute of 
monitored response over the background conductivity.  


1.3 Bromide and nitrite react with most oxidants employed as disinfectants. The utility of 
measuring these anions in treated water should be considered prior to conducting the 
analysis.  


2) Summary of Procedure 


2.1 A small volume of sample (25 l) is introduced into the ion chromatograph via an auto-
sampler. The anions of interest are separated and measured, using a system 
comprised of a guard column, analytical column, suppressor device, and conductivity 
detector. 


2.2 Method Modifications 
 


This method is conducted accordance with the guidelines documented in the 
applicable protocol with the following exceptions. 


 
2.2.1 Solid samples are processed for applicable analytes utilizing a 1:10 extraction 


into a measured volume of de-ionized water prior to analysis. 


3) Definitions 


3.1 IC: Ion Chromatograph  


3.2 ASTM Type II: De-ionized (DI) water meeting purity characteristics of ASTM Type II 
laboratory distilled water (resistance > 10 MΩ-cm, anion free water).   


3.3 Preparation Batch:  A group of no more than 20 field samples (Field sample analyses 
include only those samples derived from a field sample matrix) processed under the 
same conditions within an 8 hour working shift. 


3.4 Analytical Batch:  A group of samples from one or more preparation batches, 
processed under the same sequence, within a 24 hour period. 


3.5  Calibration Standard: A solution prepared from the primary dilution standard solution 
or stock standard solutions. 
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3.6 Initial Calibration Standards: A series of calibration solutions used to establish 
instrument calibration and develop calibration curves for individual target anions.  


3.7 Initial Calibration Check Standard: An individual calibration solution prepared from a 
second source supplier and analyzed prior to sample analysis for the verification of the 
previously established calibration curve.  


3.8 Continuing Calibration Check Standard: An individual calibration solution analyzed 
after every tenth field sample analyses to verify the previously established calibration 
curve on a continuing basis.  


3.9 Field Duplicates: Two separate samples collected at the same time and place, under 
identical circumstances, and treated the same throughout field and laboratory 
procedures.  


3.10 Sample Duplicate:  Two sample aliquots, taken in the laboratory from a single sample 
bottle, and analyzed separately with identical procedures.   


3.11 Laboratory Control Sample (LCS):  An aliquot of reagent water or other blank matrix to 
which known quantities of the method analytes are added in the laboratory. 


3.12 Matrix Spike (MS): An aliquot of an environmental sample to which known quantities of 
the method analytes are added in the laboratory.  


3.13 Matrix Spike Duplicate (MSD):  An aliquot of an environmental sample to which known 
quantities of the method analytes are added in the laboratory and in identical 
concentrations as that of the MS. 


3.14 Method Blank (MBLK):  An aliquot of reagent water or other blank matrix prepared and 
analyzed in identical fashion as other samples. 


3.15 Linear Calibration Range (LCR): The concentration range in which the instrument 
response is linear.  


3.16 Material Safety Data Sheet (MSDS):  Written information provided by vendors 
concerning a chemical's toxicity, health hazards, physical properties, fire, and 
reactivity data including storage, spill, and handling precautions.  


3.17 Performance Evaluation (PE) Sample: A certified solution of method analytes whose 
concentration is unknown to the analyst.  


3.18 Sample: Any field aliquot, however identified, submitted for analysis. 


3.19 Limit of Quantitation (LOQ): The minimum levels, concentrations, or quantities of a 
target variable (e.g., target analyte) that can be reported with a specified degree of 
confidence. The LOQ is also referred to as the method quantitation limit (MQL) or the 
reporting limit (RL).  


3.20 Limit of Detection (LOD): an estimate of the minimum amount of a substance that an 
analytical process can reliably detect.  An LOD is analyte- and matrix-specific and may 
be laboratory-dependent. 


3.21 Method Detection Limit (MDL) study: the procedure, as described in 40CFR part 136, 
for determining the LOD based on statistical analysis of 7 low-level replicate spikes.  


4) Health and Safety Warnings 


4.1 Lab Safety: Due to various hazards in the laboratory, safety glasses and laboratory 
coats or aprons must be worn at all times while in the laboratory.  In addition, gloves 
and a face shield should be worn when dealing with toxic, caustic, and/or flammable 
chemicals.   
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4.2 Chemical Hygiene: The toxicity or carcinogenicity of each reagent used has not been 
precisely defined; however, each chemical used should be treated as a potential health 
hazard. Exposure to laboratory reagents should be reduced to the lowest possible 
level. The laboratory maintains a current awareness file of OSHA regulations regarding 
the safe handling of the chemicals specified in this method. A reference file of data 
handling sheets (MSDS) is available to all personnel involved in these analyses.   


4.3 Waste Management: The principal wastes generated by this procedure are the method-
required chemicals and standards. It is the laboratory's responsibility to comply with 
all federal, state, and local regulations governing waste management by minimizing 
and controlling all releases from fume hoods and bench operations. Compliance with 
all sewage discharge permits and regulations is required.  Laboratory procedures in 
SOP HN-SAF-001, Waste Disposal Procedures, must be followed. 


4.4 Pollution Prevention: The materials used in this method pose little threat to the 
environment when recycled and managed properly. The quantities of chemicals 
purchased should be based on the expected usage during its shelf life. Standards and 
reagents should be prepared in volumes consistent with laboratory use to minimize 
the volume of expired standards or reagents to be disposed.  


5) Cautions 


5.1 Routine preventative maintenance must be performed as scheduled and documented 
to assure optimum instrument performance. Refer to SOP HN-EQ-004, Preventative 
Maintenance for additional information. 


6) Interferences 


6.1 Interferences can be divided into three different categories:  
 


6.1.1 Direct Chromatographic Co-elution:  Where an analyte response is observed at 
or near the same retention time as the target anion.  


6.1.2 Concentration Dependent Co-elution:  Where the response of higher than 
typical concentrations of a neighboring peak overlaps into the retention 
window of the target anion.  


6.1.3 Ionic Character Displacement: Where retention times may significantly shift 
due to the influence of high ionic strength matrices (high mineral content or 
hardness).  


6.2 A direct chromatographic co-elution may be solved by changing columns, eluent 
strength, modifying the eluent with organic solvents (if compatible with IC columns), 
changing the detection systems, or selective removal of the interference with 
pretreatment. Sample dilution will have little to no effect. The analyst must verify that 
these changes do not negatively affect performance by repeating and passing all the 
QC criteria in Section 16.  


6.3 Sample dilution may resolve some of the difficulties if the interference is the result of 
either concentration dependent co-elution or ionic character displacement.  Dilution 
will raise the MQL proportionally; therefore, careful consideration of project objectives 
should be given prior to performing such a dilution.  


6.4 Pretreatment cartridges may be effective as a means to eliminate certain matrix 
interferences. 


6.5 Extreme caution should be exercised in using pretreatment cartridges. Artifacts are 
known to leach from certain cartridges that can foul the guard and analytical columns 
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causing loss of column capacity as indicated by shortened retention times and 
irreproducible results.  


6.6 Regularly compare calibration standard chromatograms to those of the column test 
chromatogram (received when the column was purchased) to ensure proper separation 
and similar response ratios between the target analytes.  


6.7 Method interferences may be caused by contaminants in the reagent water, reagents, 
glassware, and other sample processing apparatus that lead to discrete artifacts or 
elevated baselines in an ion chromatogram. These interferences can lead to false 
positive results for target analytes as well as reduced detection limits as a 
consequence of elevated baseline noise.  


6.8 Samples that contain particles larger than 0.45 microns and reagent solutions that 
contain particles larger than 0.20 microns require filtration to prevent damage to 
instrument columns and flow systems.  


6.9 Any anion that is only weakly retained by the column may elute in the retention time 
window of fluoride and potentially interfere. At concentrations of fluoride above 1.5 
mg/L, this interference may not be significant; however, it is the responsibility of the 
user to generate precision and accuracy information in each sample matrix.  


6.10 Close attention should be given to the potential for carry over peaks from one analysis 
that will affect the proper detection of analytes of interest in subsequent analysis. It is 
the responsibility of the user to confirm that no late eluting peaks have carried over 
into a subsequent analysis thereby compromising the integrity of the analytical results. 


7) Personnel Qualifications and Responsibilities 


7.1 General Responsibilities - This method is restricted to use by or under the supervision 
of analysts experienced in the method. 


7.2 Analyst - It is the responsibility of the analyst(s) to:  


 
7.2.1 Each must read and understand this SOP and follow it as written. Any 


deviations or non-conformances must be documented and submitted to the 
QA Manager for approval.  


7.2.2 Produce method compliant data that meets all quality requirements using this 
procedure and the Data Reduction, Review and Validation SOP (HN-QS-009).  


7.2.3 Complete the required initial demonstration of proficiency before performing 
this procedure without supervision. 


7.2.4 Complete an ongoing demonstration of proficiency annually when continuing 
to perform the procedure. 


7.2.5 The analysts must submit data for peer or supervisor review. 


7.3 Section Supervisor - It is the responsibility of the section supervisor to: 


 
7.3.1 Ensure that all analysts have the technical ability and have received adequate 


training required to perform this procedure. 
7.3.2 Ensure analysts have completed the required initial demonstration of 


proficiency before performing this procedure without supervision.  
7.3.3 Ensure analysts complete an ongoing demonstration of proficiency annually 


when continuing to perform the procedure. 
7.3.4 Ensure analysts produce method compliant data that meet all quality 


requirements using this procedure and the Data Reduction, Review and 
Validation SOP.  
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7.4 Project Manager - It is the responsibility of the Project Manager to ensure that all 
method requirements for a client requesting this procedure are understood by the 
laboratory prior to initiating this procedure for a given set of samples. 


7.5 QA Manager: The QA Manager is responsible for 


  
7.5.1 Approving deviations and non-conformances  
7.5.2 Ensuring that this procedure is compliant with method and regulatory 


requirements,  
7.5.3 Ensuring that the analytical method and SOP are followed as written through 


internal method and system audits. 


8) Sample Collection, Handling, and Preservation 


8.1 Water samples are collected in plastic or glass bottles.  All bottles must be thoroughly 
cleaned and rinsed with reagent water. Volume collected should be sufficient to insure 
a representative sample, allow for replicate analysis, if required, and minimize waste 
disposal.   


8.2 Sample preservation and holding times for the applicable anions are documented in 
Table 8.2. 


 
TABLE 8.2   -  Common Anions,  Analyte Preservation and Holding Time 


Compound Container Preservative Holding Time 
Bromide P,G None required 28 days 
Chloride P,G None required 28 days 
Fluoride P,G None required 28 days 
Nitrate-N P,G Cool to 4 º C 48 hours 
Nitrite-N P,G Cool to 4 º C 48 hours 
Sulfate P,G Cool to 4 º C 28 days 


 


8.3 Sample extracts should be stored refrigerated in a designated area if sample analysis 
cannot be immediately started. 


9) Equipment and Supplies 


9.1 Ion chromatograph: Dionex ICS2100 IC, AS auto-sampler, isocratic pump, conductivity 
detector, computer interface, and chromatography software. 


9.2 Anion guard column: Dionex Ion Pac AG 14 - 4 x 50 mm.  


9.3 Anion analytical column: Dionex Ion Pac AS 14 – 4 x 250 mm.   


9.4 Anion suppressor device: Dionex Anion Self Regenerating Suppressor (ASRS-Ultra, 4 
mm).  


9.5 Detector: Conductivity cell (Dionex DS6)   


9.6 Analytical balance, ±0.1 mg sensitivity 


9.7 Top loading balance, ±10 mg sensitivity 


9.8 Disposable plastic weighting boats  


9.9 Syringes, plastic, disposable, 10 mL  
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9.10 Pipets, fixed volume, various volumes 


9.11 Bottles, high density polyethylene (HDPE), opaque or glass, amber, 30 mL, 125 mL, 
250 mL 


9.12 Micro beakers, plastic, disposable - used during sample preparation 


9.13 16X100 glass centrifuge tubes 


9.14 Centrifuge capable of holding 16x100 glass tubes 


10) Standards and Reagents 


10.1 Reagent water: Distilled or de-ionized water  


10.2 Stock standard solutions, 1000 mg/L (1 mg/mL): Stock standard solutions should be 
purchased as certified solutions (available from High Purity and Absolute Standards). 


10.3 Alternatively, stock standard solutions may be prepared from ACS reagent grade, 
potassium or sodium salts as listed below. All standard preparations must be prepared 
in Class A volumetric flasks. 


   
10.3.1 Bromide, 1000 mg/L: Dissolve 0.1288 g sodium bromide in reagent water and 


dilute to 100 ml.  
10.3.2 Chloride, 1000 mg/L: Dissolve 0.1649 g sodium chloride in reagent water and 


dilute to 100 ml.  
10.3.3 Fluoride, 1000 mg/L: Dissolve 0.2210 g sodium fluoride in reagent water and 


dilute to 100 ml.  
10.3.4 Nitrate as N, 1000 mg/L: Dissolve 0.6068 g sodium nitrate in reagent water 


and dilute to 100 ml.  
10.3.5 Nitrite as N, 1000 mg/L: Dissolve 0.4926 g sodium nitrite in reagent water 


and dilute to 100 ml.  
10.3.6 Sulfate, 1000 mg/L: Dissolve 0.1814 g potassium sulfate in reagent water and 


dilute to 100 ml.  
10.3.7 Note: Stability of standards: Stock standard solutions are stable for one year 


from date of preparation or as listed by the manufacturer’s expiration date 
(whichever is less). 


10.4 Working Calibration Stock Standard – Fluoride/Bromide @ 40 mg/L, and 
Chloride/Sulfate @ 200 mg/L 


 
10.4.1 4 ml of stock Fluoride (Section 10.3.3), 4 ml of stock Bromide (Section 


10.3.1), 20 ml of stock Chloride (Section 10.3.2), and 20 ml of stock Sulfate 
(Section 10.3.6) to a 100 ml Class A volumetric flask. 


10.4.2 Bring to volume with de-ionized water. 
10.4.3 This solution must be prepared monthly or as needed. 


10.5 Working Calibration Stock Standard – Nitrate @ 5mg/L and Nitrite @ 5 mg/L 
 


10.5.1 Add 0.5 ml of stock Nitrate (Section 10.3.4) and Nitrite (Section 10.3.5) to a 
100 ml Class A volumetric flask. 


10.5.2 Bring to volume with de-ionized water. 
10.5.3 Prepare fresh daily. 


10.6 Working Calibration Standards (Table 10.6) 
 


10.6.1 Calibration Level 7 
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10.6.1.1 Add 20 ml of the working calibration stock standards (Section 10.4 
and 10.5) to a 100 ml Class A volumetric flask. 


10.6.1.2 Bring to volume with de-ionized water. 
10.6.1.3 Prepare daily as needed. 
 


10.6.2 Calibration Level 6 
 


10.6.2.1 Add 10 ml of the working calibration stock standards (Section 10.4 
and 10.5) to a 100 ml Class A volumetric flask. 


10.6.2.2 Bring to volume with de-ionized water. 
10.6.2.3 Prepare daily as needed. 


 
10.6.3 Calibration Level 5 
 


10.6.3.1 Add 5 ml of the working calibration stock standards (Section 10.4 
and 10.5) to a 100 ml Class A volumetric flask. 


10.6.3.2 Bring to volume with de-ionized water. 
10.6.3.3 Prepare daily as needed. 


 
10.6.4 Calibration Level 4 
 


10.6.4.1 Add 25 ml of calibration level 6 (Section 10.6.1) to a 100 ml Class A 
volumetric flask. 


10.6.4.2 Bring to volume with de-ionized water. 
10.6.4.3 Prepare daily as needed. 
 


10.6.5 Calibration Level 3 
 


10.6.5.1 Add 25 ml of calibration level 5 (Section 10.6.2) to a 100 ml Class A 
volumetric flask. 


10.6.5.2 Bring to volume with de-ionized water. 
10.6.5.3 Prepare daily as needed. 


 
10.6.6 Calibration Level 2 
 


10.6.6.1 Add 20 ml of calibration level 4 (Section 10.6.3) to a 100 ml Class A 
volumetric flask. 


10.6.6.2 Bring to volume with de-ionized water. 
10.6.6.3 Prepare daily as needed. 


 
10.6.7 Calibration Level 1 
 


10.6.7.1 Add 20 ml of calibration level 3 (Section 10.6.4) to a 100 ml Class A 
volumetric flask. 


10.6.7.2 Bring to volume with de-ionized water. 
10.6.7.3 Prepare daily as needed. 
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Table 10.6 Calibration Standards ** 
 Compound 


Name 
Level 1 Level 2 Level 3 Level 4 Level 5 Level 6 Level 7** 


1. Bromide 0.1 0.2 0.5 1.0 2.0 4.0 8.0 
2. Chloride 0.5 1.0 2.5 5.0 10.0 20.0 40.0 
3. Fluoride 0.1 0.2 0.5 1.0 2.0 4.0 8.0 
4. Nitrate-N 0.0125 0.025 0.625 0.125 0.25 0.50 1.00 
5. Nitrite-N 0.0125 0.025 0.625 0.125 0.25 0.50 1.00 
6. Sulfate 0.5 1.0 2.5 5.0 10.0 20.0 40.0 


 **:  Additional levels may be added as required 


10.7 Reagent Preparation Records 
 


10.7.1 Record stock standards in the Chemical Inventory and record all standards 
prepared in the Standard Preparation Log according to SOP HN-QS-001. 


10.7.2 All standards must be labeled appropriately and provide sufficient information 
for cross-reference to logbook entries. 


10.8 SulfaVer 4 brand reagent pillows (VWR 97026-716) or equivalent 


11) Method Calibration 


11.1 Operating Conditions:  Recommended operating conditions are listed in Table 11.1:   
 


Table 11.1 – IC Operating Conditions 
IC Conditions Column: IonPac®AS14 (4x250 mm) 


Flow rate: 1.2 mL/minute 
Injection volume: 25 μL  


Detection:  Suppressed conductivity  
Total Run Time Approximately 20 min 


 
11.1.1 Note: Once optimized and calibrated, the same IC conditions must be used for 


analysis of all standards, samples, blanks and QC samples.  


11.2 Initial Calibration:   
 


11.2.1 A minimum of a 6-point calibration curve is required for all analytes.  
11.2.2 Analyze the six (or more) calibration standards to establish the calibration 


curve.  The curve must generate a correlation coefficient (r) of 0.995 or 
higher.  Maintain calibration curve information for calculation of the analyte 
concentration in all samples analyzed after acceptance of the curve. 


11.2.3 The lowest level of calibration must be at or below the established MRL/PQL 
and the highest calibration level must encompass the reported analytical 
range. 


11.3 Retention Time Window: 
 


11.3.1 Record the retention time for each analyte in each calibration standard 
11.3.2 Calculate the mean retention time for each analyte and the standard deviation 


(SD). 
11.3.3 Set the retention time window for each analyte to the mean value + 3 times 


the SD. 
11.3.4 If the SD of the analyte is 0.000 (no difference between analyses), use a 


default SD of 0.01 minutes. 
11.3.5 Retention time windows must be established upon completion of each new 


initial calibration curve or whenever major maintenance is completed. 
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11.3.6 Instrument software will process analyte specific retention time windows 
according to the specifications input into the quantitation algorithm.  The 
analyst must verify that the software established retention times window are 
the equivalent of those calculated in Sections 11.3.1 through 11.3.5.  


11.3.7 Update the retention time for sample analysis from the daily continuing 
calibration verification standard in subsequent analytical events. 


11.4 Initial Calibration Verification 
 


11.4.1 Verify each new Initial Calibration using a second source standard at or near 
the midpoint of the curve.  If the curve has been extended beyond the above 
documented levels, mid-point levels shall be adjusted accordingly.  


11.4.2 Must meet accuracy performance criteria of 90-110% of the expected value. 


11.5 Continuing Calibration Verification 
 


11.5.1 Verify calibration by injecting calibration verification standards prior to 
conducting any sample analyses. A calibration standard must also be 
processed at intervals of not less than once every ten samples and at the 
beginning and end of the analysis sequence. 


11.5.2 A CCV shall be prepared at concentrations equivalent to the reporting limit, 
near the mid-point of the curve and at the upper limit of the curve to verify 
the range of the curve throughout the sequence. 


11.5.3 The low level CCV must meet accuracy performance criteria of 60-140% of the 
expected value. 


11.5.4 The mid and high level CCV must meet performance criteria of 90-110% of the 
expected value. 


12) Sample Preparation/Analysis 


12.1 Sample Preparation:  
 


12.1.1 Solid Samples 
 


12.1.1.1 Weight out approximately 5.0 grams of sample. Record the exact 
weight of sample used in the applicable laboratory notebook. 


12.1.1.2 Add 50 ml de-ionized water and mix for 30 minutes.  Allow settling 
of the soil layer. 


12.1.1.3 Carefully decant the aqueous portion into a 16x100 centrifuge tube 
12.1.1.4 Centrifuge for a period of 5-6 minutes. 
12.1.1.5 Decant supernatant into an auto sampler vial or use to make 


necessary dilutions. 
12.1.1.6 Proceed to Section 12.1.3. 


 
12.1.2 Aqueous Samples 
 


12.1.2.1 Aqueous samples require no preparation. 
 


12.1.3 Sample screening 
 
12.1.3.1 If a sample is suspected of having high concentrations of analyte, 


there are 3 screening methods that may be employed to 
approximate appropriate dilution levels: 
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12.1.3.1.1 Chloride screening by Titration 
 


12.1.3.1.1.1 Titrate an aliquot of sample per SOP HN-WC-007, 
current revision. 


12.1.3.1.1.2 Use titration concentration to approximate 
dilution level for analysis. 
 


12.1.3.1.2 Sulfate screening by Turbidimetry 
 


12.1.3.1.2.1 Pour the contents of 1 SulfaVer 4 pillow into a 
25mL aliquot of sample.  Allow 3 minutes for 
development of turbidity. 


12.1.3.1.2.2 Visually compare to a prepare 20 mg/L and 40 
mg/L sulfate standard. 


12.1.3.1.2.3 If sample concentration exceeds 40 mg/L 
standard, dilute and retest sample until in 
approximate 20 mg/L range. 
 


12.1.3.1.3 TDS Screening 
 


12.1.3.1.3.1 Examine an established TDS value (if available) for 
the sample and dilute accordingly. 


12.2 IC analysis of samples  
 


12.2.1 Inject a 25 L aliquot of the sample.   
12.2.2 Identification of an analyte occurs when a peak from a sample or extract falls 


within the established retention time window (Section 11.3).  


12.3 All reported sample concentrations must fall within the calibration range as 
documented in Section 11.2. If an analyte response exceeds the calibration range of 
the system, dilute the sample and reanalyze.  (Peak height measurements are 
recommended over peak area integration when overlapping peaks cause errors in area 
integration).  


 
12.3.1 If a sample cannot be diluted and re-analyzed, the initially determined 


concentration may be reported.  However, it must be flagged appropriately 
(E), reported as estimated, and narrated accordingly. 


12.4 Each sample analysis must be bracketed with acceptable calibration verification 
standards (each 10 or fewer samples).  


12.5 Sample quantitation must be based upon the algorithm determined from the most 
current initial calibration curve. 


13) Troubleshooting 


13.1 Possible problems could be standard mixture degradation, column contamination, or 
active sites in the column or chromatography system. 


14) Data Acquisition  







Anions by IC 
 HN-WC-000-R06  
 Effective: 09/01/2015 
 Page 11 of 18 


R I G H T 	 S O L U T I O N S 	 | 	 R I G H T 	 P A R T N E R 	


STANDARD OPERATING PROCEDURE 


14.1 Data is collected with via the Dionex Chromeleon data acquisition software.  This 
software provides the sequence log of run order for the data to be collected from the 
IC detector.   


14.2 Data shall be electronically uploaded into LIMS and verified for accuracy by the analyst.  
Data shall be subjected to a secondary peer review for accuracy prior to release. 


15) Calculation, and Data Reduction Requirements 


15.1 Calculation of Linear Regression Correlation Coefficient, (r): 


 
Where: 


X = individual values for independent variable 
Y = individual values for dependent variable 
n = number of pairs of data. 
df = n-2 


15.2 Calculation of % drift (linear and non-linear regression):   
 


15.2.1 % Drift =  [(Calculated conc. - Theoretical conc.) x 100] / Theoretical conc.
  


15.3 Sample Quantitation using External calibration, aqueous samples:  
 
 
 


Where: 
 x =  Analyte specific instrument response 
 a =  Correlation coefficient  
 b =  Intercept 
 DF= Dilution factor 


15.4 Sample Quantitation using External calibration, soil / solid samples:  
  


 
 


 
Where: 
 y   =  Concentration from 15.3 
 Vi =  Initial sample volume 
 Ws=  Sample weight 
 
15.4.1 The wet weight or dry weight may be used, depending upon the specific 


application of the data (LIMS performs wet wt/dry wt calculations once a 
percent moisture is entered for a sample).  Percent solids shall be determined 
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according to SOP HN-WC-018.  


15.5 QC Calculations:  LIMS calculates the percent recovery for various QC samples (MS, 
MSD, LCS) according to the following equations:  
15.5.1 % Recovery, %R (for MS and MSD Samples) 


Where: 
SSR = Spiked Sample Result (mg/L or mg/kg). 
SR   = Sample Result (unspiked). 
SA   = Spike Amount Added (mg/L or mg/kg). 
 


15.5.2 % Recovery, %R (for standards and LCS) 


Where: 
SSR = Spiked Sample Result (mg/L or mg/kg). 
SA   = Spike Amount Added (mg/L or mg/kg). 
 


15.5.3 RPD (for precision or duplicate evaluation) 


Where: 
SR


1
 = Sample result for duplicate 1. 


SR
2
 = Sample result for duplicate 2. 


16) Quality Control, Acceptance Criteria and Corrective Action 


16.1 Each analytical batch must contain a method blank (MB), laboratory control sample 
(LCS), continuing calibration verification (CCV), matrix spike (MS), and either a sample 
duplicate (DUP) or matrix spike duplicate (MSD) per matrix.  This section details the 
specific requirements for each of these QC parameters. The laboratory maintains 
performance records that define the quality of the data that are generated. 


16.2 Initial Calibration:  
 


16.2.1 Frequency: A new curve must be generated every 6 months, when the ICV or 
CCV criteria are not met, or after major instrument maintenance such as 
column replacement or changes in operating conditions. 


16.2.2 Acceptance Criteria: 
  
16.2.2.1 Initial calibration curve must have 6-points minimally for all 


analytes. 
16.2.2.2 Linearity must be demonstrated with a correlation coefficient > 


0.995. 
 


16.2.3 All analytical runs utilized in establishment of the initial calibration curve 
must clearly document, and provide for the traceability of, the associated 
standard used. 


16.2.4 Upon establishment of a new initial calibration curve, the associated method 


  100
SRSR½


SRSR
RPD


21


21 







 
100


SA


SRSSR
R% 






 
100


SA


SSR
R% 







Anions by IC 
 HN-WC-000-R06  
 Effective: 09/01/2015 
 Page 13 of 18 


R I G H T 	 S O L U T I O N S 	 | 	 R I G H T 	 P A R T N E R 	


STANDARD OPERATING PROCEDURE 


(w/calibration) must be uniquely identified such that subsequent analyses 
utilizing the calibration can be clearly identified. 


16.2.5 Curve Failure Corrective Action:  
 


16.2.5.1 Check standards and or perform maintenance as necessary to 
correct problem, then generate new curve. 


16.2.5.2 All samples associated with a failed initial calibration curve must be 
re-analyzed.  


 
16.2.6 Calculate and update retention time windows for each analyte. 


16.3 Initial Calibration Verification (ICV):  
 


16.3.1 The ICV must be performed each time a new curve is generated.  
16.3.2 The ICV must be generated from a second source standard. 
16.3.3 The ICV analysis must clearly document, and provide for the traceability of, 


the associated standard used. 
16.3.4 Acceptance criteria:   
 


16.3.4.1 Must meet accuracy performance criteria of 90-110% of the 
expected value. 


16.3.4.2 Analyte retention time must fall within the window established by 
the initial calibration. 


 
16.3.5 ICV Failure Corrective action:  Evaluate condition and age of standards being 


used and/or perform any needed system maintenance. Reprocess the initial 
calibration curve and/or initial calibration verification. 


16.3.6 All samples associated with a failed ICV must be re-analyzed. 


16.4 Continuing Calibration Verification (CCV):  
 


16.4.1 Frequency: The calibration standard(s) must be run at the beginning of each 
daily batch, after every 10 samples (including QC samples) and at the end of 
the analytical sequence. 


16.4.2 The CCV shall be varied throughout the sequence.  The sequence should 
begin and end with one CCV at the reporting limit and one above the mid-
point of the curve.  Other CCVs throughout the sequence should be at or near 
the midpoint. 


16.4.3 The CCV analyses must clearly document, and provide for the traceability of, 
the associated standard used. 


16.4.4 Acceptance Criteria:   
 


16.4.4.1 Low level CCV must meet accuracy performance criteria of 60-140% 
of the expected concentration. 


16.4.4.2 CCV mid and high must meet accuracy performance criteria of 90-
110% of the expected concentration. 


 
16.4.5 CCV failure Corrective Action: If the calibration does not meet the criteria, check 


the instrument operating conditions, perform any necessary maintenance, and 
inject another aliquot of the calibration verification standard.  If the response 
for the analyte is still not acceptable, then a new initial calibration must be 
prepared. All samples associated with a failing CCV must be re-analyzed. 
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16.5 Method Blank: 
 


16.5.1 Frequency: Analyze the method blank at a frequency of one per analytical 
batch of 20 or less samples (it is prepared in that frequency). If the method 
blank indicates contamination, it may be appropriate to analyze a solvent 
blank to demonstrate that the contamination is not a result of carryover from 
standards or samples. 


16.5.2 Acceptance Criteria: All analytes of interest should be less than ½ the MQL 
and must be less than the MQL.   


16.5.3 Method Blank Contamination Corrective Action: If the method blank results do 
not meet the acceptance criteria above, then the laboratory must take 
corrective action to locate and reduce the source of the contamination and re-
analyze all samples associated with the contaminated method blank. If 
samples cannot be re-analyzed due to insufficient sample volume or other 
similar circumstances, a non-conformance must be documented on the data 
checklist. The non-conformance must provide sufficient detail for preparation 
of the project narrative. Data reported with an associated contaminated 
method blank must be flagged with a “B”, indicating the occurrence.  


16.6 Laboratory Control Sample:  
 


16.6.1 The LCS must be processed with each batch of 20 or less samples. All 
samples in the batch must be processed on the same day.  


16.6.2 LCS shall be spiked at the same level as the mid-range CCV (see Section 16.4) 
using the primary stock standard.  


16.6.3 LCS samples shall be spiked with all project specified analytes. 
16.6.4 Must meet accuracy performance criteria as outlined in the applicable LIMS 


test code. 
 


16.6.4.1 The LCS may be utilized as the CCV during analytical 
determinations. However, if utilized as such, the CCV acceptance 
criteria (see Section 16.4.4) must be applied. 


 
16.6.5 If the LCS does not achieve acceptance criteria, the sample batch must be re-


analyzed. Samples that have non-detected constituents associated with a high 
failing LCS, may be reported.  If reprocessing it is not possible due to lack of 
sample or expired hold time, the associated data must be flagged as 
estimated and the variance narrated.  


16.7 Matrix Spike and Matrix Spike Duplicate  
 


16.7.1 Frequency: 
16.7.1.1 For SW846 9056 - Perform a MS/MSD pair at a frequency of at least 


one MS/MSD per matrix for every 20 samples (or less) in the 
analytical batch. 
 


16.7.1.2 For EPA 300.0 – Perform a MS/MSD pair at a frequency of at least 
one MS/MSD per matrix for every 10 samples (or less) in the 
analytical batch.  
 


16.7.2 Unless project specified, MS/MSD samples shall be randomly selected and 
rotated among projects/clients. 


16.7.3 MS/MSD samples shall be spiked at the same level as the mid-range CCV (see 
Section 16.4) using the primary stock standard. 
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16.7.4 MS/MSD samples shall be spiked with all project specified analytes. 
16.7.5 Must meet accuracy and precision performance criteria as outlined in the 


applicable LIMS test code. 
16.7.6 If the MS /MSD recoveries are outside the target range, review the procedure 


to determine the presence/absence of a system error.  
 


16.7.6.1 If no system errors are apparent, the LCS must be within 
acceptance criteria to report sample results.   


16.7.6.2 If recoveries of the MS/MSD pair are suspicious or related to a 
system error, all associated samples in the batch must be re-
processed and analyzed.   


16.8 Deviations and non-conforming events must be documented using a Nonconformance 
Corrective Action Report (NCAR) or as an Exception Report item on the laboratory 
review checklist. For mandatory QC failures (e.g. LCS), the NCAR must be submitted to 
the QA Manager via the NCAR database. 


16.9 Typical Analytical Sequence 


 
16.9.1 Initial Calibration (6 standards) 
16.9.2 ICV/CCV 
16.9.3 LLICV/CCV 
16.9.4 ICB/CCB 


Note:  Initial calibration need not be performed daily 
16.9.5 CCV 
16.9.6 LLCCV 
16.9.7 CCB 
16.9.8 MBLK 
16.9.9 LCS 
16.9.10 Sample 
16.9.11 MS 
16.9.12 MSD 
16.9.13 Samples (up to 5) 
16.9.14 CCV 
16.9.15 CCB 
16.9.16 Samples or MS/MSD (up to 10) 
16.9.17 CCV 
16.9.18 CCB 
16.9.19 Samples or MS/MSD (up to 5) 
16.9.20 CCV 
16.9.21 LLCCV 
16.9.22 CCB 


17) Data Records Management 


17.1 All data is stored both electronically and hard copy for 10 years. 


17.2 All analytical sequence IDs and standard preparation information must be recorded in 
the Run logbook. Hardcopy computer printouts of analytical sequences and raw data 
must be retained and initialed by the analyst (electronic initials are acceptable). To 
simplify standard tracking, analyst must attempt to use one lot of reagents and 
standards with each batch. 


17.3 All samples shall be recorded in the instrumental analysis log, with the data file name, 
bottle identifier, extract identifier (if applicable), sample matrix, dilution factor, and 
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analysis type. After analysis, the analyst must review raw data for accuracy, 
completeness, and notate the likely presence or absence of any analyte quantifying 
above the MQL. Each report must be initialed and dated by the primary reviewing 
analyst.  


17.4 Complete all pertinent sections in the respective logbooks.  If not-applicable then line 
out the section.  “Z” out or “X” out all large sections of the worksheet that are not used. 
Make all corrections with single line through, date and initial. Make NO obliterations 
when manually recording data.  


17.5 Logbooks are controlled. Never remove a page from a logbook. Completed logbooks 
are returned to the QA department when filled and no longer needed in the work area. 


17.6 The effective date this SOP is the date in the header or last signature date, whichever is 
most recent 


18) Contingencies for Handling Out of Control Data 


18.1 When method required QC exceedances occur, in every case where sample data quality 
are affected, the source of the QC exceedance must be determined, corrected and 
sample reanalysis carried out when possible.  


18.2 When affected sample analysis can not be repeated due to limitations (i.e. sample 
availability, or if reanalysis can only be performed after expiration of a sample hold 
time), the reporting of data associated with exceeded QC data must be appropriately 
flagged and narrated.  This documentation is necessary to define for the data user the 
effect of the error has upon the data quality of the results reported (e.g. E flag data 
indicate the result to be only an estimate).   


18.3 All analysts must report sufficient comments in laboratory data review checklist for 
exceeded QC associated with sample results so that project management can further 
narrate and ensure data qualifiers (flags) are properly assigned to the reported data.   


18.4 NCARs must be issued for QC system exceedances. Matrix interferences are reported 
using the analyte reporting comment section in LIMS or using the Laboratory Data 
review checklist.   


18.5 Logbooks must be reviewed monthly by the department supervisor. 


18.6 Logbooks must be reviewed quarterly by the QA Staff. 


18.7 The QA Staff must conduct periodic audits to evaluate compliance with this SOP.  


 


19) Method Performance 


19.1 Estimated quantitation limits are 0.2 mg/L for bromide/fluoride, 1.0 mg/L for chloride 
/sulfate, and 0.01 mg/L for nitrate/nitrite. 


19.2 Initial Demonstration of Proficiency- Each analyst must perform an initial 
demonstration of proficiency on a method and matrix basis with a successful analysis 
of four LCS where acceptable precision and accuracy are generated. The accuracy 
component must fall within LCS criteria. The precision component must be less than 
20% for duplicate RPD data. 
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19.3 Each analyst must demonstrate ongoing proficiency annually by generating 4 sets of 
data of acceptable accuracy and precision for target analytes in a clean matrix or by 
performance of an approved PE sample.    


19.4 MDL verification shall be completed biannually according to the guidelines 
documented in SOP HN-QS-006, Method Detection and Method Quantitation Limits.  
The QA Manager shall maintain documentation. 


19.5 Performance evaluation shall be conducted semi-annually through the analysis of 
performance evaluation samples.  The QA Manager shall maintain documentation. 


20) Summary of Changes 
Table 20.1 Summary of Changes 


Revision 
Number 


Effective 
Date 


Document 
Editor 


Description of Changes 


R03 7/1/12 CES Formatting 
R04 4/15/13 DWD NELAP audit elements 
R05 9/1/13 CES Formatting, Audit elements added 


R06 9/1/15 CES Added centrifugation of soils (12.1.1.3-5) and 
sample screening procedures (12.1.3). 


21) References and Related Documents 


21.1 U.S. Environmental Protection Agency, SW846-9056A, Test Methods for Evaluating 
Solid Waste Physical/Chemical Methods 


21.2 U.S. Environmental Protection Agency, Manual for the Certification of Laboratories 
Analyzing Drinking Water, EPA 815-R-05-004, January 2005. 


21.3 U.S. Environmental Protection Agency, Method 300.0 


21.4 ALS Environmental Quality Assurance Manual, Revision (most current) 


21.5 Table 1:  Summary of Calibration and QC Procedures 
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Table 1:  Summary of Calibration and QC Procedures for Anions 


 
 


QC Check 


 
Minimum 
Frequency 


Acceptance 
Criteria 


 
Corrective 


Action 
 
Minimum six-point 
initial calibration for all 
analytes. 


 
Initial calibration 
prior to sample 
analysis. 


 Linear: least squares 
regression   r > 0.995 


 
Correct problem then 
repeat initial calibration. 


 
Second-source (ICV) 
verification, all 
analytes. 


 
Once per initial 
calibration. 


All analytes within 90-
110% of expected value. 


 
Correct problem then 
repeat initial calibration. 


 
Retention time window 
calculated for each 
analyte. 


 
Each initial 
calibration. 


 3 times standard 
deviation for each analyte 


 
Correct problem then 
reanalyze all samples 
analyzed since the last 
retention time check. 


 
Calibration verification  


 
After every 
10 samples and at 
the beginning and 
end of the analysis 
sequence. 


All analytes within 90-
110% of expected value  


 
Correct problem, repeat 
calibration verification, 
and reanalyze all samples 
since last successful 
calibration verification. 


 
Low-Level Calibration 
verification  


 
At the beginning 
and end of the 
analysis sequence. 


All analytes within 60-
140% of expected value  


 
Correct problem, repeat 
calibration verification, 
and reanalyze all samples 
since last successful 
calibration verification. 


 
Demonstrate ability to 
generate acceptable 
accuracy and precision 
using four replicate 
LCS analyses.  


 
Once per analyst. 90-110% of true value 


20% RPD 


 
Locate/fix procedural error 
and rerun demonstration 
for those analytes not 
meeting criteria. 


 
Method blank. 


 
One per analytical 
batch per matrix. 


No analytes detected  


 >MQL. 


 
Correct problem and re-
process all samples 
associated with the 
contaminated blank. 


 
LCS for all analytes. 


 
One LCS per 
analytical batch per 
matrix. 


90-110% of true value Correct problem then 
reprocess all samples in the 
affected analytical batch. 


 
MS/MSD. 


 
SW846-9056 – 5% 
frequency 


EPA 300.0 – 10% 
frequency 


80-120% of true value Describe in Laboratory 
Review Checklist. 


 







 


 


ALS Standard Operating Procedure 
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METALS BY ICP-AES 


1) Scope and Applicability 


1.1 Inductively coupled plasma-atomic emission spectroscopy (ICP-AES) is applicable to the 
determination of multiple elements in various matrices including drinking water, non-
potable water, solid/chemical waste, biological tissues, and air/emissions.   


1.2 When aqueous dissolved constituents are required, samples must be filtered and acid-
preserved prior to analysis.  No digestion is required prior to analysis.  Acid digestion 
is required for groundwater, aqueous samples, industrial wastes, soils, sludges, 
sediments, and other solid wastes for which total (acid-leachable) elements are 
required. 


1.3 SW-846 Method 6010C or US EPA 200.7 is used to determine the analytes listed in 
Attachment A. Additional elements may be added based upon an acceptable 
Demonstration of Capability (DOC) as well as completion of required method detection 
limit studies for aqueous and solid matrices. 


1.4 Method Detection Limits (MDLs), Method Quantitation Limits (MQLs) and linear ranges 
will vary dependent upon the analyte, matrices, instrumentation, and operating 
conditions.    


1.5 Use of this method is restricted to analysts who are knowledgeable in the recognition 
and in the correction of spectral, chemical, and physical interferences in ICP-OES.  


2) Summary of Procedure 
2.1 Prior to analysis, samples requiring total ("acid-leachable") values must be digested 


using appropriate sample preparation methods.  


2.2 Method 6010C and 200.7 describe the multi-elemental determination of analytes by 
ICP-OES. The method measures characteristic emission spectra by optical 
spectrometry. Samples are nebulized and transported to the plasma torch.  Element 
specific emission spectra are produced by interaction of the aerosol with the radio 
frequency inductively coupled plasma. Spectra are dispersed via a grating and 
intensities monitored by a photometric device. 


2.3 Typical Method Quantitation Limits (MQL/MRL) for this method in the determination of 
individual elements range from 0.5 – 2.0 mg/kg for solid matrices and 5.0 – 20 ug/L 
for aqueous matrices.  MQL/MRLs will be proportionately higher for sample extracts 
that require dilution.  MQL/MRLs, and all other calculated concentrations, shall be 
based upon values obtained from sample extracts processed according to this SOP and 
the applicable extraction SOP. 


3) Definitions 


3.1 Laboratory Control Sample (LCS): An analyte-free matrix spiked with known 
concentrations of all target analytes. This is used to evaluate and document laboratory 
method performance. 


3.2 Matrix: The component or substrate (e.g., surface water, groundwater, soil) which 
contains the analyte of interest.  


3.3 Matrix Spike (MS): An aliquot of background sample spiked with a known 
concentrations of all target analytes. The spiking occurs prior to sample preparation 
and analysis. A matrix spike is used to assess the bias of a method in a given sample 
matrix.  
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3.4 Matrix Spike Duplicate (MSD): A duplicate aliquot of the background sample spiked 
with a known concentrations of all target analytes. Spiking occurs prior to sample 
preparation and analysis. The MS/MSD pair are used to assess precision and bias of a 
method in a given sample matrix.  


3.5 Post Digestion Spike (PDS):  A known amount of target analyte added to a sample 
extract following sample digestion and concentration. 


3.6 Initial Calibration Verification (ICV): A second source standard utilized to verify the 
accuracy of the established initial calibration. 


3.7 Method Blank: An analyte-free matrix to which all reagents are added in the same 
volumes or proportions as used in sample processing. The method blank is carried 
through the complete sample preparation and analytical procedure. The method blank 
is used to document contamination resulting from the analytical process.  


3.8 Limit of Quantitation (LOQ): The minimum levels, concentrations, or quantities of a 
target variable (e.g., target analyte) that can be reported with a specified degree of 
confidence. The LOQ is also referred to as the method quantitation limit (MQL) or the 
reporting limit (RL).  


3.9 Limit of Detection (LOD): an estimate of the minimum amount of a substance that an 
analytical process can reliably detect.  An LOD is analyte- and matrix-specific and may 
be laboratory-dependent. 


3.10 Method Detection Limit (MDL) study: the procedure, as described in 40CFR part 136, 
for determining the LOD based on statistical analysis of 7 low-level replicate spikes.  
The minimum concentration of an analyte that can be identified, measured, and 
reported with 99% confidence that the analyte concentration is greater than zero.    


3.11 Standard Curve: A plot of concentrations of known analyte standards versus the 
instrument response to the analyte.   


3.12 Internal Standard: A known amount of standard added to a test portion of a sample 
and carried through the entire measurement process as a reference for evaluating and 
controlling the precision and bias of the analytical test method. 


3.13 Interference Check Solution (ICS): A solution containing known concentrations of 
interfering elements. 


3.14 Linear Dynamic Range (LDR): The concentration range through which the instrument 
response is linear.  


3.15 Low-Level Quality Control sample (LLQC):  A clean matrix sample spiked at the MQL 
and carried through the entire preparation and analysis process. 


3.16 Continuing Calibration Blank (CCB): Acidified de-ionized water containing the same 
concentration of acids utilized in the standards and samples. 


3.17 Continuing Calibration Verification (CCV): An acidified solution containing elements at 
or near the mid-point of the calibration curve. 


3.18 Low-Level Initial Calibration Verification (LLICV): A sample spiked at the MQL, used to 
validate the lower end of the initial calibration. 


3.19 Low-Level Continuing Calibration Verification (LLCCV):  A sample spiked at the MQL 
and analyzed periodically throughout an analytical sequence, monitoring continued 
performance of the lower end of a calibration. 
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4) Health and Safety Warnings 
4.1 Lab Safety: Due to various hazards in the laboratory, safety glasses and laboratory 


coats or aprons must be worn at all times while in the laboratory.  In addition, gloves 
and a face shield should be worn when dealing with toxic, caustic, and/or flammable 
chemicals.   


4.2 Chemical Hygiene: The toxicity or carcinogenicity of each reagent used has not been 
precisely defined; however, each chemical used should be treated as a potential health 
hazard. Exposure to laboratory reagents should be reduced to the lowest possible 
level. The laboratory maintains a current awareness file of OSHA regulations regarding 
the safe handling of the chemicals specified in this method. A reference file of data 
handling sheets (MSDS) is available to all personnel involved in these analyses.   


4.3 Waste Management: The principal wastes generated by this procedure are the method-
required chemicals and standards. It is the laboratory's responsibility to comply with 
all federal, state, and local regulations governing waste management by minimizing 
and controlling all releases from fume hoods and bench operations. Compliance with 
all sewage discharge permits and regulations is required.  Laboratory procedures in 
SOP HN-SAF-001, Waste Disposal Procedures, must be followed. 


4.4 Pollution Prevention: The materials used in this method pose little threat to the 
environment when recycled and managed properly. The quantities of chemicals 
purchased should be based on the expected usage during its shelf life. Standards and 
reagents should be prepared in volumes consistent with laboratory use to minimize 
the volume of expired standards or reagents to be disposed.  


5) Cautions 


5.1 Routine preventative maintenance must be performed as scheduled and documented 
to assure optimum instrument performance. Typical routine maintenance includes 
inspection and replacement of sample delivery tubing. Maintenance performed shall be 
recorded in a dedicated instrument maintenance logbook. Refer to HN-EQ-004 for 
additional information. 


6) Interferences 


6.1 Spectral interferences may be caused by background emission, stray light from high 
concentration elements, overlap of spectral lines, and/or unresolved overlap of 
molecular spectra. 


 
6.1.1 Subtracting emission backgrounds adjacent to the analyte wavelength may 


compensate for background emission and stray light. 
6.1.2 Using alternate wavelengths or employing inter-element corrections may 


compensate for spectral overlaps. 


6.2 Physical interferences may be associated with sample nebulization and transport as a 
result of sample characteristics.  Variances in viscosity and surface tension can cause 
significant inaccuracy due to flow rate. 


 
6.2.1 Physical interferences may be compensated for by dilution, using a high solids 


nebulizer, and/or improving the argon flow rate. 
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6.3 Chemical interferences may be associated with molecular compound formation, 
ionization effects, and vaporization effects.  Chemical interferences, while not normally 
encountered, are highly dependent upon matrix characteristics and specific analytes. 


6.4 Memory interferences may be encountered when analytes in a previous sample 
contribute to measured signal in a new sample. 


 
6.4.1 Memory interferences may be compensated for by utilization of appropriate 


rinses and rinse times. 
6.4.2 If memory interference is suspected, the sample must be reanalyzed after a 


sufficient rinse cycle. 


6.5 High salt concentrations may cause suppression of analyte signal and impede 
interference tests.   


6.6 In the presence of free sulfate, only minimal concentrations of barium will be 
solubilized. 


 
6.6.1 Analysis of barium in samples having varying or unknown concentrations of 


sulfate should be completed as soon as possible following sample 
preparation. 


7) Personnel Qualifications and Responsibilities 
7.1 General Responsibilities - This method is restricted to use by or under the supervision 


of analysts experienced in the method. 


7.2 Analyst - It is the responsibility of the analyst(s) to: 


  
7.2.1 Each must read and understand this SOP and follow it as written. Any 


deviations or non-conformances must be documented and submitted to the 
QA Manager for approval.  


7.2.2 Produce method compliant data that meets all quality requirements using this 
procedure and the Data Reduction, Review and Validation SOP (HN-QS-009).  


7.2.3 Complete the required initial demonstration of proficiency before performing 
this procedure without supervision. 


7.2.4 Complete an ongoing demonstration of proficiency annually when continuing 
to perform the procedure. 


7.2.5 The analysts must submit data for peer or supervisor review. 


7.3 Section Supervisor - It is the responsibility of the section supervisor to: 


 
7.3.1 Ensure that all analysts have the technical ability and have received adequate 


training required to perform this procedure. 
7.3.2 Ensure analysts have completed the required initial demonstration of 


proficiency before performing this procedure without supervision.  
7.3.3 Ensure analysts complete an ongoing demonstration of proficiency annually 


when continuing to perform the procedure. 
7.3.4 Ensure analysts produce method compliant data that meet all quality 


requirements using this procedure and the Data Reduction, Review and 
Validation SOP.  


7.4 Project Manager - It is the responsibility of the Project Manager to ensure that all 
method requirements for a client requesting this procedure are understood by the 
laboratory prior to initiating this procedure for a given set of samples. 
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7.5 QA Manager: The QA Manager is responsible for 


  
7.5.1 Approving deviations and non-conformances  
7.5.2 Ensuring that this procedure is compliant with method and regulatory 


requirements,  
7.5.3 Ensuring that the analytical method and SOP are followed as written through 


internal method and system audits. 


8) Sample Collection, Handling, and Preservation 
8.1 Aqueous samples shall be collected in 500 ml plastic containers and preserved to a pH 


of <2 with HNO
3.  


  


8.2 Dissolved metal analyses shall be field filtered through a 0.45µ filter and preserved to 
a pH of <2 with HNO


3
. Filtering should be completed in the field at time of sampling. 


8.3 Sample pH should be verified at time of sample receipt and adjusted if necessary.  
 


8.3.1 If adjusted at time of receipt, the sample shall be placed on hold, and stored 
for a period of 24 hours, after which the pH adjustment will be verified. 


8.4 Soil samples should be collected in 4 oz wide mouth plastic containers. 


8.5 Samples may be stored at room temperature. The holding time is six months for 
aqueous and solid matrices. 


9) Equipment and Supplies 


9.1 Thermo ICAP 6500 Duo  


9.2 Various Class A volumetric flasks: 10.0, 25, 50, 100, 250, etc.  


9.3 Variable volume pipettes: 1.0 and 5.0 ml. 


9.4 17mm autosampler vials 


10) Standards and Reagents 


10.1 Argon gas supply:  high-purity grade (99.99%). 


10.2 Nitric Acid (HNO3): Concentrated HNO3 – trace metal grade.   


10.3 Hydrochloric Acid (HCl):  Concentrated HCl – trace metal grade.   


10.4 De-ionized (DI) Water:  Minimum Type II purity. 


10.5 ICP CAL Standard #1 @ 20 mg/ml:  Containing Ag, As, Be, Cd, Cr, Mn, Pb, Sb, Sr, Ti, Tl, 
V ; Al, B, Ba, Bi, Ca, Cu, Fe, Li, Mg, Mo, Ni, Se, U @ 100mg/L K, Na @ 2000mg/L; Th, Zn 
@50mg/L (Available from SCP Science) 


 
Element Concentration Element Concentration 


Antimony (Sb) 20 mg/L Magnesium (Mg) 100 mg/L 
Aluminum (Al) 100 mg/L Manganese (Mn) 20 mg/L 
Arsenic (As) 20 mg/L Molybdenum (Mo) 100 mg/L 
Boron (B) 100 mg/L Sodium (Na) 2000 mg/L 
Barium (Ba) 100 mg/L Nickel (Ni) 100 mg/L 
Beryllium (Be) 20 mg/L Lead (Pb) 20 mg/L 
Bismuth (Bi) 20 mg/L Antimony (Sb) 20 mg/L 


Uncontrolled Document







Metals by ICP-AES 
 HN-MET-015-R01  
 Effective: 10/01/2014 
 Page 6 of 30 


R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  


STANDARD OPERATING PROCEDURE 


Calcium (Ca) 100 mg/L Selenium (Se) 100 mg/L 
Cadmium (Cd) 20 mg/L Strontium (Sr) 20 mg/L 
Cobalt (Co) 100 mg/L Thorium (Th) 50 mg/L 
Chromium (Cr) 20 mg/L Titanium (Ti) 20 mg/L 
Copper (Cu) 100 mg/L Thallium (Tl) 20 mg/L 
Iron (Fe) 100 mg/L Uranium (U) 100 mg/L 
Potassium (K) 2000 mg/L Vanadium (V) 20 mg/L 
Lithium (Li) 100 mg/L Zinc (Zn) 50 mg/L 


10.6 ICP CAL Standard #2 Hf @50mg/L; S @200mg/L; Sn @ 20mg/L (Available from SCP 
Science) 


 
Element Concentration Element Concentration 


Hafnium (Hf) 50 mg/L Tin (Sn) 20 mg/L 
Sulfur (S) 200 mg/L 


10.7 QCS-27 Standard Al, Ag, As, Be, Be, B, Cd, Ca, Cr, Co, Cu ,Fe ,Pb, Mg, Mn, Mo, Na, Ni, 
K, Sb, Se, Si, Sr, Tl, Ti, V, Zn @100 µg/mL (Available from High Purity Standards) 


10.8 Interference Check Standard Solution A  in µg/ml As 1000, Ba 300, Be 100, Cd 300, Cr 
300, Co 300, Cu 300, Pb 1000, Mn 200, Hg 50, Ni 300, K 2000, Se 500, Tl 1000, V 
300, Zn 300 (available from Peak Performance). 


 
Element Concentration 


K 20000 mg/L 
Se 500 mg/L 
As, Pb, Tl 1000 mg/L 
Ba, Cd, Cr, Co, Cu, Ni, V, Zn 300 mg/L 
Mn 200 mg/L 
Be 100 mg/L 
Hg 50 mg/L 


10.9 Interference Check Standard Solution B Ag @ 300 µg/mL (Available from Peak 
Performance) 


10.10 Interference Check Standard 5 in µg/mL Al 1200, Ca 6000, Fe 5000, Mg 3000, Na 
1000 (Available from Peak Performance) 


 
Element Concentration 


Al 1200 mg/L 
Ca 6000 mg/L 
Fe 5000 mg/L 
Mg 3000 mg/L 
Na 1000 mg/L 


10.11 Reporting Limit Stock Standard is prepared by adding the following amounts of single 
element standard, to a 200-mL volumetric flask, containing 5 mL concentrated HNO


3
 


and brought up to volume with reagent water. This standard is stable for 90 days when 
stored at room temperature. Store in a polyethylene bottle and label with the Standard 
# (from the Standard Log Book), initials of the preparer, preparation date and 
expiration date. 


 


Uncontrolled Document







Metals by ICP-AES 
 HN-MET-015-R01  
 Effective: 10/01/2014 
 Page 7 of 30 


R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  


STANDARD OPERATING PROCEDURE 


Element Volume of 1000 ppm Single 
Element Solution in 200mL. 


Final 
Concentration 
(mg/L) 


Aluminum 4.0 mL 20.0 
Antimony 1.0 mL 5.0 


Arsenic 0.40 mL 2.0 
Barium 0.4 mL 2.0 
Beryllium 0.16 mL 0.80 
Bismuth 2.0 mL 10.0 
Boron 4.0 mL 20.0 
Cadmium 0.08 mL 0.40 
Calcium 4.0 mL 20.0 
Chromium 0.2 mL 1.0 
Cobalt 0.2 mL 1.0 
Copper 0.4 mL 2.0 
Iron 2.4 mL 12.0 
Lead 0.24 mL 1.2 
Lithium 4.0 mL 20.0 
Magnesium 4.0 mL 20.0 
Manganese 0.2 mL 1.0 
Molybdenum 0.8 mL 4.0 
Potassium 20.0 mL 100.0 
Selenium 0.8 mL 4.0 
Silicon 4.0 mL 20.0 
Silver 0.16 mL 0.8 
Sodium 20.0 mL 100.0 
Nickel 0.8 mL 4.0 
Tin 0.8 mL 4.0 
Strontium 0.2 mL 1.0 
Titanium 0.8 mL 4.0 
Thallium 0.8 mL 4.0 
Vanadium 0.2 mL 1.0 
Zinc 0.8 mL 4.0 


10.12 Single Element Standards @ 1000 µg/mL Ag, Al, As, B, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, 
Fe, K, Li, Mg, Mn, Mo, Na, Ni, Pb, Sb, Se, Si, Sn, Sr, Ti, Tl, V, Zn (Available from 
Environmental Express) 


10.13 Second Source Single Element Standards @ 1000 µg/mL Bi, Ca, Li, Mg, Na, Sn 
(Available from VHG) 


10.14 Low Level Metals Mix Standard 1 w/ As, Ba, Cr, Co, Cu, Pb, Mn, Ni, Se, Ag, Sr, Tl, and V 
@ 0.5 mg/L and Be and Cd @0.2 mg/L and Al, Li, and Zn @1.0 mg/L and B @ 2.0 mg/L 
and Fe 8.0 mg/L and Mg, K, and Na @20 mg/L and Ca @ 50 mg/L. (Available from VHG 
ZALSLAB1103-100 or equivalent)  


10.15 Low Level Metals Mix 2 w/ Sn @0.2 mg/Land Sb, Mo, and Ti @0.5 mg/L (Available from 
VHG ZALSLAB1104-100 or equivalent)  


10.16 Initial Calibration Standards:  
 


10.16.1 Calibration Standard (ICAL1) – 
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10.16.1.1 Add approximately 50 mL of reagent water with 5% HNO
3  


and 5% 
HCl 


 
10.16.2 Calibration Standard (ICAL2)– 
 


10.16.2.1 Add 0.2 mL of reporting limit stock standard to 39.8 mL of 
calibration blank, mix well. Solution is stable for 48 hours. 


 
10.16.3 Calibration Standard (ICAL3)– 
 


10.16.3.1 Add 4 mL of High Calibration Standard to 36 mL of calibration 
blank, mix well. Standard is stable for 48 hours. 


 
10.16.4 Calibration Standard (ICAL4) – 
 


10.16.4.1 Add 8 mL of High Calibration Stock Standard to 32 mL of 
calibration blank, mix well. Standard is stable for 48 hours 


 
10.16.5 Calibration Standard (ICAL5-High Standard Solution) 
   


10.16.5.1 To a 100-mL volumetric flask containing calibration blank solution 
add 5 mL of ICP Cal Standard #1 (10.5), 5 mL of ICP Cal Standard 
#2 (10.6), and 0.5mL Si (10.12) and bring to volume with 
calibration blank solution and mix well. Standard is stable for 48 
hours. 
 


Element (ICAL5) (ICAL4) (ICAL3) (ICAL2) 
Ag 1.0 0.20 0.10 0.004 
Al 5.0 1.0 0.5 0.10 
As 1.0 0.20 0.10 0.010 
B 5.0 1.0 0.5 0.10 
Ba 5.0 1.0 0.5 0.010 
Be 1.0 0.20 0.10 0.004 
Bi 5.0 1.0 0.5 0.05 
Ca 5.0 1.0 0.5 0.10 
Cd 1.0 0.20 0.10 0.002 
Co 5.0 1.0 0.5 0.005 
Cr 1.0 0.20 0.10 0.005 
Cu 5.0 1.0 0.5 0.01 
Fe 5.0 1.0 0.5 0.06 
K 100 20 10 0.50 
Li 5.0 1.00 0.5 0.10 
Mg 5.0 1.0 0.5 0.10 
Mn 1.0 0.20 0.10 0.005 
Mo 5.0 1.0 0.5 0.02 
Na 100 20 10 0.50 
Ni 5.0 1.0 0.5 0.02 
Pb 1.0 0.20 0.10 0.006 
Sb 1.00 0.20 0.10 0.02 
Se 5.0 1.0 0.5 0.02 
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Si 5.0 1.0 0.5 0.10 
Sn 1.0 0.20 0.10 0.02 
Sr 1.0 0.20 0.10 0.005 
Ti 1.0 0.20 0.10 0.02 
Tl 1.0 0.20 0.10 0.02 
V 1.0 0.20 0.10 0.005 
Zn 2.50 0.50 0.25 0.02 


 


10.17 Initial Calibration Verification (ICV) – To a 100 mL flask containing calibration blank 
add 1.0 mL of QCS-27 Standard, 0.1 ml of second source Bi, Li, Sn and 0.25 mL of 
secondary source K, Na and Ca. 


10.18 Initial Calibration Blank (ICB): reagent water with 5.0% HNO
3
 & 5% HCl.  


10.19 Interference Check Sample A (ICSA):  
 


10.19.1 Add approximately 50 ml of calibration blank solution to a clean 100 ml Class 
A volumetric flask. 


10.19.2 Add 2.5 mL of Interference Check Standard 5 solution. 
10.19.3 Add 0.250 ml of Interference Check Standard Solution A and Interference 


Check Standard Solution B 
10.19.4 Bring to a final volume of 100 ml. 
10.19.5 This solution is stable for 48 hours 


10.20 Intermediate Low Level Continuing Calibration Verification Standards: 
 


10.20.1 Low Level Quality Control 3 
 


10.20.1.1 Si and U intermediate standard To a 1 L volumetric flask add 20.0 
mL of Si 1000 µg/mL and 0.5 mL U 1000 µg/mL bring to volume 
with reagent water with 5% HNO


3 
and 1% HCl. Solution is stable for 6 


months. 
 


10.20.1.2 Cd and Sn Low Level Intermediate Standard To 100 mL flask add 50 
mL calibration blank solution add 0.1 mL Cd 1000 µg/mL and 0.1 
mL Sn 1000 and bring up to volume. Solution is stable for 6 
months. 


        
10.20.1.3 Tl, Se and Cu Low Level Intermediate Standard  To 100 mL flask add                   


50 mL calibration blank solution and 0.1 mL Tl, Se and Cu @ 1000                          
µg/mL and bring up to volume with calibration blank solution. 


10.21 Low Level Continuing Calibration Verification: 
 


10.21.1 To a 50 ml standard vessel add ~25 mL calibration blank solution  
10.21.2 Add 0.5 mL Si and U intermediate Standard (10.20.1.1) 
10.21.3 Add 0.5 mL Low Level Metals Mix Standard 1 (10.14) 
10.21.4 Add 0.5 mL Low Level Metals Mix Standard 2 (10.15) 
10.21.5 Add 0.25 mL Tl, Se and Cu Low Level Intermediate Standard (10.20.1.3) 
10.21.6 Add 0.4 mL Cd and Sn Low Level Intermediate Standard (10.20.1.2) 


10.22 Continuing Calibration Blank (CCB):  
 


10.22.1 Add 40 mL of calibration blank solution to a standard vessel               
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10.23 Continuing Calibration Verification (CCV):  
       


10.23.1 Add 20 mL of calibration blank solution to a standard vessel  
10.23.2 Add 20 mL of High Calibration solution and mix well 
10.23.3 Solution is stable for 48 hours 
Element Concentration Element Concentration 


Ag 0.50 mg/L Mg 2.5 mg/L 
Al 2.5 mg/L Mn 0.50 mg/L 
As 0.50 mg/L Mo 2.5 mg/L 
B 2.5 mg/L Na 50.0 mg/L 
Ba 2.5 mg/L Ni 2.5 mg/L 
Be 0.50 mg/L Pb 0.50 mg/L 
Bi 2.5 mg/L Sb 0.50 mg/L 
Ca 2.5 mg/L Se 2.5 mg/L 
Cd 0.50 mg/L Si 2.5 mg/L 
Co 2.5 mg/L Sn 0.50 mg/L 
Cr 0.50 mg/L Sr 0.50 mg/L 
Cu 2.5 mg/L Ti 0.50 mg/L 
Fe 2.5 mg/L Tl 0.50 mg/L 
K 50.0 mg/L V 0.50 mg/L 
Li 2.5 mg/L Zn 1.25 mg/L 


 
10.24 Internal Standard 


 
10.24.1 To 100 mL flask add 50 mL DI water 0.1 mL HCl and 1.0 mL Sc and mix well.  


Solution is stable for 6 months.   


10.25 Tuning Solution 
 
10.25.1 To 500 mL flask add 250 ml DI with 5% HNO


3 
 and 1% HCL and 1 mL Zn 1000 


µg/mL and bring to volume and mix well. 


10.26 Rinse solution add 1000 mL DI water to 2 L container add 100 mL HNO
3
 and 100 mL 


HCl and bring to volume with DI 


10.27 Dilution Solution add 1000 mL DI water to 2 L container add 100 mL HNO
3
 and 20 mL 


HCl and bring to volume with DI 


10.28 Stock Spike Standards:  
 


10.28.1 Metals Mix standard w/ Ag, Al, As, Ba, Be, Cd, Co, Cr, Cu, Li, Mn, Mo, Ni, Pb, 
Sb, Se, Sr, Sn, Tl, V, and Zn @ 10 mg/L and Fe, K, Ca, Na, and Mg @ 1000 
mg/L and B at 50 mg/L. (available from VHG ZALSLAB901-500 or equivalent) 


10.28.2 Ti and Si Spike Stock @ 1000 ppm (available from Environmetal Express) 
 


10.28.2.1 Single Element Working Spike Ti @ 10 mg/L and Si @ 50 mg/L. 
 


10.28.2.1.1 Add 5 ml Ti and 25 ml Si Stock to 300 ml DI water in a 
500 ml volumetric flask. 


10.28.2.1.2 Acidify with 10 ml Nitric and 5 ml Hydrochloric acid. 
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10.28.2.1.3 Bring to final volume with DI water. 


10.29 Stock Spiking Solution:  
 


10.29.1 Soil Spike:  
 
10.29.1.1 A 500 µl volume of each spike solution (10.28.1 and 10.28.2) is 


added to ~0.5 gram of solid after transfer to the digestion vessel. 
Following digestion (HN-MET-009), the digestate is brought to a 
final volume of 50 ml. Theoretical spike value is the 100 mg/kg for 
the trace metals, 1000 mg/kg for Ca/Fe/Mg/Na/K, and 25 mg/kg 
for B and Si.   


 
10.29.2 Water Spike:  
 


10.29.2.1 A 500µl volume of spike solutions (10.28.1 and 10.28.2) is added 
to the 50.0 ml volume of aqueous sample after transfer to the 
digestion vessel. Following digestion (HN-MET-010), the digestate is 
brought to a final volume of 50.0 ml. Theoretical spike value is 0.1 
mg/L for the trace metals, 10 mg/L for Ca/Fe/Mg/Na/K, and 0.5 
mg/L for B and Si. 


10.30 All standards referenced in Sections 10.5 through 10.29 must be documented and 
referenced according to the guidelines documented in SOP HN-QS-001, Reagent & 
Standard Tracking. 


11) Method Calibration 
11.1 Initial Calibration 
 


11.1.1 Analyze the calibration blank and standards (Section 10) using the parameters 
established in Section 12.1.3.  Flush the instrument with the rinse solution 
between each standard. 


11.1.2 Determine the calibration curve as a linear equation based upon instrument 
response versus standard concentration. 


11.1.3 Correlation coefficient for the linear regression must be > 0.998. 


11.2 Initial Calibration Verification 
 


11.2.1 Verify the initial calibration curve using a second source ICV standard (Section 
10.16). 
  


11.2.2 Acceptance Criteria: 
 


11.2.2.1 Method 6010C 
 


11.2.2.1.1 All analytes must fall within + 10% of the known 
concentration. 


 
11.2.2.2 US EPA 200.7 


 
11.2.2.2.1 All analytes must fall within + 5% of the known 


concentration. 
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11.3 Continuing Calibration Verification 
 


11.3.1 Analyze a CCB and CCV standard following the initial calibration verification 
and prior to sample analysis. 


11.3.2 The CCB must be analyzed after every ten samples and at the end of the run.  
(Samples shall be defined as any analysis utilized in the completion of a Work 
Order such as field samples, method blanks, lab control samples, matrix 
spikes, etc.)  


 
11.3.2.1 The CCB must exhibit analyte concentrations less than 3 times the 


IDL or less than the MDL (whichever is less). 
 


11.3.3 The CCV standard must be analyzed after every ten samples and at the end of 
the run.  (Samples shall be defined as any analysis utilized in the completion 
of a Work Order such as field samples, method blanks, lab control samples, 
matrix spikes, etc.)  


 
11.3.3.1 CCV analytes must be + 5% of the known value directly after 


calibration (EPA 200.7 only) then 10% throughout the run. 
11.3.3.2 Measurement iterations (>4) must have a %RSD less than 3% for 


method 200.7 and iterations (>3) at <20% for 6010C. 


12) Sample Preparation/Analysis 


12.1 Start-up   
 


12.1.1 Visual check of instrument:   
 


12.1.1.1 Inspect auto-sampler tubing for deformation and replace as 
necessary. 


12.1.1.2 Inspect spray chamber for drainage.  If build up is noticed, clean. 
12.1.1.3 Check torch and clean if necessary check nebulizer for any 


blockages  
12.1.1.4 Record any maintenance in routine maintenance log book 
12.1.1.5 Empty waste container 
12.1.1.6 Inspect Argon gas flow. Ensure there is 90 psi in the argon supply 


and 70 psi to the instrument.  If not, check gas supply and change 
as necessary. 


 
12.1.2 Turn plasma on and let the instrument stabilize for approximately 15 


minutes.  
12.1.3 Following instrument stabilization, confirm basic instrument parameters are 


approximately set at:  
  
12.1.3.1 RF power = 1150V 
12.1.3.2 Auxiliary gas = 0.5 L/ min 
12.1.3.3 Coolant gas = 12 L/min 
12.1.3.4 Nebulizer gas flow = 0.50 L/min 
12.1.3.5 Purge gas flow = Normal 
12.1.3.6 Analysis pump rate = 40 RPM 
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12.1.3.7 Flash pump rate = 40 RPM 
12.1.3.8 Analysis Mode = speed 


 
12.1.4 When necessary adjust carrier gas flow rate according to manufacturer’s 


instruction to obtain a definitive blue emission region of plasma above the 
load coil. 


12.1.5 For all subsequent analysis, determine mean concentrations from a minimum 
of four iterations for EPA 200.7 and a minimum of three iterations for SW 
6010C, at the optimum wavelength. 


12.2 Inter-element Check Standards 
 


12.2.1 Analyze ICSA at the beginning of each analytical run. 
 


12.2.1.1 Recovery of target analytes must be + 20% of the known value. 


12.3 Sample Preparation 
 


12.3.1 Aqueous samples requiring analysis for total metals must be prepared 
according the guidelines documented in SOP HN-MET-010, Metals Aqueous 
Digestion. 


12.3.2 Solid samples must be prepared according to the guidelines documented in 
SOP HN-MET-009, Metals Solids Digestion. 


12.3.3 Aqueous samples requiring analysis for dissolved metals do not require 
preparation.  However, such samples shall be acid preserved in the field at 
time of sampling.  If acid preservation has not been completed as a field 
activity, the laboratory shall preserve the samples appropriately and note the 
added preservation on the Sample Receipt Checklist (SRC). 


12.4 Sample Analysis 
 


12.4.1 Process samples using the same parameters as those used to establish and 
verify the calibration.  Samples must be processed against the daily-
established calibration curve. 


12.4.2 Samples with analyte concentrations exceeding the linear dynamic calibration 
range must be diluted and be re-analyzed. 


12.4.3 Samples with suspected matrix interference should be re-analyzed using a 
post digestion spike.   If the post digestion spike does not meet criteria, 
analyze a serial dilution.  If sample dilution does not alleviate the matrix 
interference, the method of standard additions should be used. 


12.5 When internal standard response falls outside laboratory acceptance criteria of 70-
130%, dilute the sample and reanalyze.  


12.6 Typical Analytical Sequence:  
 


12.6.1 Initial Calibration curve, minimum four standards and a blank  
12.6.2 Initial Calibration Verification standards (once daily) 
12.6.3 Initial Calibration Verification Blank (once daily) 
12.6.4 Low-Level Initial Calibration Verification Standard (once daily) 
12.6.5 Interference Check Sample A (ICSA)  
12.6.6 Continuing Calibration Verification (CCV) 
12.6.7 Continuing Calibration Blank (CCB) 
12.6.8 Low-Level Continuing Calibration Verification Standard (LLCCV) 
12.6.9 Method blank (one MB per preparation batch of 20 or less) 
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12.6.10 Laboratory Control Sample (one per preparation batch of 20 or less) 
12.6.11 Client sample(s)  
12.6.12 Matrix spike  
 


12.6.12.1 For Method 200.7, prepare at a 10% frequency (one per every 10 
samples) 


12.6.12.2 For Method 6010C, prepare at a 5% frequency (one per preparation 
batch of 20 or less) 


   
12.6.13 Matrix spike duplicate  
 


12.6.13.1 For Method 200.7, prepare at a 10% frequency (one per every 10 
samples) 


12.6.13.2 For Method 6010C, prepare at a 5% frequency (one per preparation 
batch of 20 or less) 


 
12.6.14 Continuing Calibration Verification Standard (CCV after every 10 samples) 
12.6.15 Continuing Calibration Blank (CCB after every ten samples) 
12.6.16 Low-Level Continuing Calibration Verification Standard (LLCCV after every 10 


samples) 
12.6.17 Client samples and batch QC samples (dilution test sample, PDS, MB, LCS and 


MS)  
12.6.18 Continuing Calibration Verification Standard (CCV at end of analytical 


sequence) 
12.6.19 Continuing Calibration Blank (CCB at end of analytical sequence) 
12.6.20 Low-Level Continuing Calibration Verification Standard (LLCCV at end of 


analytical sequence) 


12.7 Post-Digestion Spike (PDS) Addition:  
 


12.7.1 An analyte spike added to a portion of a prepared sample should fall within 
the laboratory derived acceptance criteria.  


12.7.2 The spike addition should be based on the indigenous concentration of each 
element of interest in the sample.  


12.7.3 If the spike is not recovered within the specified limits, the sample should be 
diluted and reanalyzed to compensate for the matrix effect.  


12.7.4 Results must agree to within 10% of the original determination.  
12.7.5 The use of a standard-addition analysis procedure may also be used if the 


dilution technique proves inconclusive.   


12.8 Dilution test:  
 


12.8.1 If the analyte concentration is within the linear dynamic range of the 
instrument and sufficiently high (minimally, a factor of at least 100 times 
greater than the concentration in the reagent blank), an analysis of a fivefold 
dilution must agree within ± 10% of the original determination. If not, an 
interference effect must be suspected.   


12.9 Method of Standard Additions (MSA):  
 


12.9.1 When MS/MSD and PDS criteria are not met, the method of standard additions 
may be used to determine an accurate analyte level.  


12.9.2 The MSA is an extension of the PDS where three PDS are performed on the 
same sample.  
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12.9.2.1 Ideally, the first PDS is spiked at approximately 50% of the 
estimated analyte concentration. The second PDS is spiked at 
~100% and the third at ~150%.  


 
12.9.3 The MSA analyte concentration is determined using linear regression using 


the four data points.  An MS Excel spreadsheet calculation is employed to 
calculate results from MSA.   


13) Troubleshooting 


13.1 Refer to Thermo ICAP 6500 hardware manual for specific technical troubleshooting 
guidance. 


14) Data Acquisition  


14.1 Create a prep batch (as applicable) in LIMS.   


14.2 The data acquired is transferred via QTEGRA™ to LIMS electronically. Calculations are 
performed by QTEGRA™ software and LIMS.  


14.3 Analyst review of data is performed on the raw data and in LIMS prior to being 
validated. 


15) Calculation, and Data Reduction Requirements 


15.1 Calculation of Linear Regression Correlation Coefficient, r  


 
Where: 


X = individual values for independent variable 
Y = individual values for dependent variable 
n = number of pairs of data. 
df = n-2 


 
15.2 Calculation of the CCV % drift: 


   
15.2.1 % Drift= [(Calculated conc - Theoretical conc) x 100 ] /  Theoretical conc 
 


15.3 The calibration curve versus sample response data produces the metal concentration in 
solution.  


   
15.3.1 Equation for water samples:  
 


)Applicable (If Factor Dilution xLugsponse  Sample= LugionConcentrat )/(Re)/(   
 


)
n


)Y(
-Y()


n
X)(-X(


n
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∑∑∑
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15.3.2 Equation for soil samples (external calibration): 


)Applicable (If Factor Dil. x 
(g)  Sampleof Weight 


xFVLugResponse Sample
 = kgugionConcentrat


)/()/(  


Where: 
FV =   final volume of digestion, ml 


15.3.3 If additional dilutions are used, the result must be multiplied by the total 
dilution factor.  


15.4 QC Calculations:  Calculate the percent recovery for various QC samples (MS, MSD, 
LCS) according to the following equations:  


15.4.1 % Recovery, %R (for MS/MSD and LCS) 


Where: 
SSR =  Spiked Sample Result (mg/L or mg/kg). 
SR   =  Sample Result (unspiked) 
SA   =  Spike Amount Added (mg/L or mg/kg). 


15.4.2 % Recovery, %R (for standards and CCV) 


Where: 
SSR = Spiked Sample Result (mg/L or mg/kg). 
SA   = Spike Amount Added (mg/L or mg/kg). 


15.4.3 % RPD (for precision or replication evaluation) 


Where: 


SR
1
 = Sample result for replicate 1. 


SR
2
 = Sample result for replicate 2. 


16) Quality Control, Acceptance Criteria and Corrective Action


16.1 Instrument Detection Limit (IDL)


16.1.1 IDL determinations should be determined quarterly and maintained with the 
instrument logbook. 


( ) 100
SRSR½


SRSR
RPD%


21


21 ×
+


−
=


( ) 100
SA


SRSSRR% ×
−


=


( )
100% ×=


SA
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16.1.2 IDL determinations are to be completed by averaging the standard deviations 
of seven measurements of a reagent blank, over a minimum of three non-
sequential analytical runs. 


16.2 Initial Calibration:  
 


16.2.1 A calibration curve must be generated daily or whenever ICV/CCV fail to 
achieve acceptance criteria.  


16.2.2 Acceptance Criteria:  
 


16.2.2.1 Curve must be determined from a minimum of four standards and a 
calibration blank. 


16.2.2.2 The regression coefficient “r” must be >0.998 
 


16.2.3 Curve Failure Corrective Action:  
 


16.2.3.1 Check standards and/or perform maintenance as necessary to 
correct problem. 


16.2.3.2 Process a new initial calibration curve 
 


16.3 Initial Calibration Verification (ICV):  
 


16.3.1 Perform daily after generation of the initial calibration curve.  
16.3.2 Acceptance criteria:  
 


16.3.2.1 Must meet accuracy performance criteria of 90-110% as outlined in 
the applicable LIMS test code for Method 6010C. 


16.3.2.2 Must meet accuracy performance criteria of 95-105% as outlined in 
the applicable LIMS test code for Method 200.7. 


 
16.3.3 ICV Failure Corrective Action:  
 


16.3.3.1 Evaluate condition and age of standards being used and/or perform 
any needed system maintenance.  


16.3.3.2 Reanalyze the ICV and /or generate a new calibration curve as 
necessary to achieve acceptable calibration criteria. 


16.4 Low-Level Initial Calibration Verification (LLICV): 
 


16.4.1 Perform daily after generation of the initial calibration curve.  
16.4.2 Acceptance criteria:  
 


16.4.2.1 Must meet accuracy performance criteria of 70-130% as outlined in 
the applicable LIMS test code. 


 
16.4.3 LLICV Failure Corrective Action:  


 
16.4.3.1 Evaluate condition and age of standards being used and/or perform 


any needed system maintenance.  
16.4.3.2 Reprocess the LLICV and /or generate a new calibration curve as 


necessary to achieve acceptable calibration criteria.  


16.5 Continuing Calibration Verification (CCV):  
 


16.5.1 The CCV must be run prior to sample analysis, after every 10 samples 
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(including QC samples), and at the end of the analytical sequence.  
16.5.2 Acceptance Criteria:  
 


16.5.2.1 For Method 200.7, the initial CCV for a sequence must meet 
accuracy performance criteria of 95-105%, based on a minimum of 
4 replicates with a %RSD of <3%. 


16.5.2.2 For Method 6010C and subsequent CCVs for Method 200.7, the 
CCV must meet accuracy performance criteria of 90-110%.  The 
replicate %RSD must be <3% for method 200.7 and <20% for 
method 6020C. 


 
16.5.3 CCV failure Corrective Action:  


 
16.5.3.1 If the calibration does not meet the criteria, re-analyze the 


standard.  
16.5.3.2 If subsequent analysis is outside of criteria, perform a new 


calibration curve.   
16.5.3.3 All samples processed following the last acceptable CCV must be 


re-analyzed. 


16.6 Low-Level Continuing Calibration Verification (LLCCV): 
 


16.6.1 The LLCCV must be run prior to sample analysis, after every 10 samples 
(including QC samples), and at the end of the analytical sequence.  


16.6.2 Acceptance Criteria:  
 


16.6.2.1 Must meet accuracy performance criteria of 70-130% for analytes of 
a similar concentration, as outlined in the applicable LIMS test code. 


16.6.3 LLCCV failure Corrective Action:  
 
16.6.3.1 If the calibration does not meet the criteria, re-analyze the 


standard.  
16.6.3.2 If subsequent analysis remains outside of criteria, perform a new 


calibration curve.   
16.6.3.3 All samples of similar concentration (<CCV), processed following 


the last acceptable LLCCV must be re-analyzed. 


16.7 Continuing Calibration Blank (CCB):  
 


16.7.1 The calibration blank must be run prior to sample analysis, after every 10 
samples (including QC samples), and at the end of the analytical sequence. 


16.7.2 Acceptance Criteria:  
 


16.7.2.1  All analytes must be less than three times the IDL. 
  


16.7.3 CCB failure Corrective Action:  
 


16.7.3.1 If the calibration blank does not meet the criteria, re-analyze the 
blank. 


16.7.3.2 If subsequent analysis falls outside of criteria, perform any 
necessary maintenance and perform a new calibration curve. 
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16.7.3.3 All samples processed following the last acceptable CCB must be 
re-analyzed. 


16.8 Linear Dynamic Range (LDR) Assessment 
 


16.8.1 A LDR sample must be processed to assess linearity above the highest 
calibration standard.  


16.8.2 Acceptance Criteria:   
 


16.8.2.1 All analytes are must be within 10% of the true value of the LDR 
standard. 


16.8.2.2 Sample concentrations greater than 90% of the LDR must be diluted 
and re-analyzed. 


16.8.2.3 The LDR should be verified every 6 months (minimally) or whenever 
a modification in instrument hardware or operating conditions 
presents the potential for a change in the LDR. 


16.8.3 LDR assessment failure Corrective Action:  
 


16.8.3.1 If the LDR does not meet criteria for an analyte, no data for that 
analyte falling between the highest calibration standard and the 
LDR standard can be reported.  


16.9 Blanks: 
 


16.9.1 Rinse Blank(s) 
 


16.9.1.1 Rinse blanks should be used to flush system components between 
blanks, standards, and samples. 


16.9.1.2 Allow sufficient time to remove traces of the previous sample prior 
to new sample introduction. 


16.9.1.3 Rinse blanks are not to be routinely run before QC samples.   If 
carryover is an issue, rinse-out times may need to be addressed. 


 
16.9.2 Calibration Blank(s) 
 


16.9.2.1 See Section 16.7. 
 


16.9.3 Method Blank(s) 
 


16.9.3.1 A method blank must be processed with each batch of 20 or less 
samples of the same matrix and prepared on the same working 
shift. 


16.9.3.2 Acceptance Criteria:  
 


16.9.3.2.1 All analytes of interest should be less than one half the PQL 
and must be less than the PQL.   


16.9.3.2.2 Method blank values exceeding the PQL indicate 
laboratory/reagent contamination and should be considered 
suspect.  


16.9.3.2.3 Method blank values exceeding the PQL may be considered 
useable if: 


 
16.9.3.2.3.1 The blank analyte concentration is < 5% of the 


sample analyte concentration, 
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16.9.3.2.3.2 less than 5% of the regulatory limit, 
16.9.3.2.3.3 or less than 3 times the MDL (whichever is greater), 
16.9.3.2.3.4 All associated samples are appropriately qualified, 


and Project Management notification/approval is 
completed.   


16.9.3.2.4 Other approved QA program requirements must be followed 
when the acceptable blank contamination specified in the 
approved QA project plan differs from the above.  


 
16.9.3.3 Corrective Action:  


 
16.9.3.3.1 If the method blank results do not meet the acceptance 


criteria above, then the laboratory must take corrective 
action to locate and reduce the source of the contamination. 


16.9.3.3.2 All samples associated with the contaminated method blank 
must be reprocessed.  


16.9.3.3.3 If samples cannot be reprocessed due to insufficient sample 
volume or other similar circumstances, a non-conformance 
must be documented in the data checklist for the analytical 
run. This must provide sufficient detail for project narration 
and to ensure all appropriate data flags are entered into 
LIMS.  


16.9.3.3.4 Data reported with an associated contaminated method 
blank must be flagged with a “B”.  


16.10 Laboratory Control Sample (LCS):  
 


16.10.1 The LCS must be processed with each batch of 20 or less samples of the same 
matrix and processed on the same shift. 


16.10.2 Acceptance Criteria: 
 


16.10.2.1 Must meet accuracy performance criteria as outlined in the 
applicable LIMS test code. 


  
16.10.3 LCS Corrective Action:  
 


16.10.3.1 If the LCS recovery does not meet acceptance criteria, the sample 
batch must be reprocessed.  


16.10.3.2 If samples cannot be reprocessed due to insufficient sample volume 
or other similar circumstances, a non-conformance must be 
documented in the data checklist for the analytical run. This must 
provide sufficient detail for project narration and to ensure all 
appropriate data flags are entered into LIMS. 


16.10.3.3 Data reported with a failed LCS must be flagged and narrated as to 
potential bias characteristics. 


16.11 Low-level Quality Control Sample (LLQC):  
 


16.11.1 The LLQC must be processed quarterly. 
16.11.2 Acceptance Criteria: 
 


16.11.2.1 Must meet accuracy performance criteria of 70-130% as outlined in 
the applicable LIMS test code. 
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16.11.3 LLQC Corrective Action:  
 


16.11.3.1 If the LLQC recovery does not meet acceptance criteria, investigate 
the cause of the failure.  


 
16.11.3.2 Reprocess the LLQC once the cause of the failure has been 


identified and corrected. 
16.11.3.3 If a cause cannot be identified and corrected, spike LLQC at a 


higher concentration, process, and adjust PQLs accordingly. 


16.12 Matrix Spike and Matrix Spike Duplicate (MS/MSD)  
 


16.12.1 A MS/MSD pair must be processed at a 10% frequency for Method 200.7 and 
at a 5% frequency for Method 6010C.  MS/MSD samples must be of the same 
matrix and processed during the same working shift. 


16.12.2 Acceptance Criteria:   
 


16.12.2.1 Must meet accuracy and precision performance criteria as outlined 
in the applicable LIMS test code. 


16.12.2.2 Recovery values should not be evaluated if the spike concentration 
is less than 25% of the parent concentration. 


 
16.12.3   MS/MSD Corrective Action:  
 


16.12.3.1 If the MS/MSD pair generates recovery values outside acceptance 
criteria, the deviation may be due to matrix effects. The LCS, 
internal standard recoveries, and calibration results must all be 
evaluated in order to determine if matrix interference is present. 
(Note that the MS/MSD are used to evaluate the matrix effect, not 
to control the analytical process.) If both the MS/MSD fall outside 
accuracy criteria for the same analyte, a matrix effect is suspected, 
assuming the LCS achieves accuracy criteria, and all internal 
standard recoveries are consistent. 


 
 As an example, if the matrix spikes exhibit low recovery but good precision, 


laboratory control samples exhibit acceptable accuracy, and internal standard 
recovery is consistent, the presence of matrix interference is probable. 


  
16.12.3.2 If the MS/MSD pair generates inconsistent recovery values and/or 


suspect LCS values are present, laboratory error (and not matrix 
inference) is suspected.  


 
 As an example, if precision between the MS/MSD pair is poor and the LCS 


presents divergent results, the presence of laboratory error is probable.  
 


16.12.3.3 If the MS/MSD fails acceptance criteria, the data must be evaluated 
for error or possible matrix effect. 


16.12.3.4 If laboratory error is indicated, all associated samples must be 
reprocessed.  If samples cannot be reprocessed due to limited 
sample volume or other similar circumstances, all reported values 
must be qualified and narrated as to potential bias or usability. 


16.12.3.5 If matrix interference is indicated, associated samples may be 
reported with appropriate qualification and narration. 
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16.12.3.6 A non-conformance must be documented in the data checklist for 
either scenario and must contain sufficient detail for project 
narration and to ensure all appropriate data qualifiers have been 
entered into LIMS.   


16.13 Internal Standards (IS):  
 


16.13.1 Internal standards must be added to all samples and calibration standards. We 
utilize an automatic internal standard introduction system via a peristaltic 
pump. 


16.13.2 Acceptance Criteria:  
 


16.13.2.1 For samples processed according to USEPA 6010C and EPA 200.7, 
the IS results must be >70% and <130% of the original response in 
the initial calibration. 


16.13.2.2 Analytical results associated with IS failures may not be reported. 
 


16.13.3 IS failure corrective action:  
 


16.13.3.1 If criteria are not met, the cause of the problem must be 
determined, corrected, and the samples re-analyzed. 


 
16.13.3.2 The sample must undergo a five-fold (1+4) dilution to alleviate 


potential matrix interference.  Note:  Greater dilutions may be 
necessary for samples contributing significant matrix interference. 


16.13.3.3 Samples undergoing a necessary dilution due to IS failure must be 
notated as such if the target analyte concentration falls below the 
reporting limit. 


16.13.3.4 If samples cannot be re-analyzed, all associated results must be 
qualified as “Unusable”. 


16.14 Reported Analyte Concentration 
 


16.14.1 Reported concentrations for applicable analytes must be reported from the 
least dilute analysis that achieves all required quality control parameters. 


16.15 Interference Check Solution: 
 


16.15.1 The interference check solutions must be processed at the beginning of each 
analytical sequence. 


16.15.2 Acceptance Criteria: 
 


16.15.2.1 Must meet accuracy performance criteria as outlined in the 
applicable LIMS test code. 


 
16.15.2.2 All internal standard criteria must be achieved for the interference 


check solution analysis. 
 


16.15.3 Interference Check Solution Failure 
 


16.15.3.1 All samples associated with a failure of the ICS must be 
reprocessed. 
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16.15.3.2 If samples cannot be re-analyzed, all sample results must be 
qualified as unusable. 


16.16 Dilution Test Check 
 


16.16.1 If the sample analyte concentration is within the linear dynamic range and 
sufficiently high (>100 times the reagent blank), a sample dilution test should 
be completed at a five-fold dilution. 


16.16.2 Acceptance Criteria 
 


16.16.2.1 Must meet precision performance criteria as outlined in the 
applicable LIMS test code. 
 


16.16.3 Dilution Test Failure 
 


16.16.3.1 In the event of a dilution test failure, the sample must be closely 
inspected for indications of matrix interference. 


16.16.3.2 A post digestion spike or standard addition should be completed 
on the failed sample to verify matrix interference. 


16.17 Post Digestion spike requirements 
 


16.17.1 One post digestion spike (PDS) must be completed for each batch of < 20 
samples. 


16.17.2 The PDS should be spiked at the same level as the MS/MSD.  
16.17.3 Acceptance Criteria 
 


16.17.3.1 Must meet accuracy performance criteria as outlined in the 
applicable LIMS test code. 
 


16.17.4 PDS Failure 
 


16.17.4.1 If the spike is not recovered within the recommended limits, the 
sample must be diluted and reanalyzed. 


16.17.4.2 The results of the diluted re-analysis must agree within + 10% of 
the original determination. 


16.17.4.3 If the PDS fails the various acceptance criteria, the sample should 
be processed using standard additions as detailed in Section 12.6. 


16.18 Deviations and non-conforming events must be documented using a Nonconformance 
Corrective Action Report (NCAR) or as an Exception Report item on the laboratory 
review checklist. For mandatory QC failures (e.g. LCS), the NCAR must be submitted to 
the QA Manager via the NCAR database. 


17) Data Records Management 
17.1 All data is stored both electronically and hard copy for a minimum of 7 years. 


17.2 All analytical sequence IDs and standard preparation information must be recorded in 
the Run logbook. Hardcopy computer printouts of analytical sequences and raw data 
must be retained and initialed by the analyst (electronic initials are acceptable). To 
simplify standard tracking, analyst must attempt to use one lot of reagents and 
standards with each batch. 


17.3 Complete all pertinent sections in the respective logbooks.  If not-applicable then line 
out the section.  “Z” out or “X” out all large sections of the worksheet that are not used. 
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Make all corrections with single line through, date and initial. Make NO obliterations 
when manually recording data.  


17.4 Logbooks are controlled. Never remove a page from a logbook. Completed logbooks 
are returned to the QA department when filled and no longer needed in the work area. 


17.5 The effective date of this SOP is the date in the header or last signature date, 
whichever is most recent. 


17.6 Logbooks must be reviewed monthly by the department supervisor. 


17.7 Logbooks must be reviewed quarterly by the QA Staff. 


18) Contingencies for Handling Out of Control Data 


18.1 When method required QC exceedances occur, in every case where sample data quality 
are affected, the source of the QC exceedance must be determined, corrected and 
sample reanalysis carried out when possible.  


18.2 When affected sample analysis can not be repeated due to limitations (i.e. sample 
availability, or if reanalysis can only be performed after expiration of a sample hold 
time), the reporting of data associated with exceeded QC data must be appropriately 
flagged and narrated.  This documentation is necessary to define for the data user the 
effect of the error has upon the data quality of the results reported (e.g. E flag data 
indicate the result to be only an estimate).   


18.3 All analysts must report sufficient comments in laboratory data review checklist for 
exceeded QC associated with sample results so that project management can further 
narrate and ensure data qualifiers (flags) are properly assigned to the reported data.   


18.4 NCARs must be issued for QC system exceedances. Matrix interferences are reported 
using the analyte reporting comment section in LIMS or using the Laboratory Data 
review checklist.    


19) Method Performance 


19.1 Demonstration of Proficiency:  
 


19.1.1 Initial Demonstration of Proficiency 
 


19.1.1.1 The laboratory must determine linear dynamic range, method 
detection limits, and evaluation of quality control samples prior to 
sample analysis by this procedure. 


 
19.1.2 Routine Demonstration of Proficiency 
 


19.1.2.1 Each analyst must demonstrate initial proficiency with sample 
preparation and/or analytical determination by generating 4 sets of 
data of acceptable accuracy and precision for target analytes in a 
clean matrix. 


19.1.2.2 Each analyst must demonstrate ongoing proficiency annually with 
each sample preparation and/or analytical determination method 
by generating 4 sets of data of acceptable accuracy and precision 
for target analytes in a clean matrix or by passing performance in 
approved PT evaluations. 
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19.2 Method Detection Limits (MDLs) must be determined on an annual basis (at minimum) 
or whenever major modifications are performed on instrumentation (ex: change 
detector, auto-sampler, etc.).  


19.3 On-going laboratory performance must be documented via performance evaluation 
studies and must be completed approximately every 6 months.    


20) Summary of Changes 
 
Table 20.1 Summary of Changes 
Revision Number Effective Date Document Editor Description of Changes 


R01 10/1/14 CES New SOP  


21) References and Related Documents 


21.1 Environmental Protection Agency, “Method 6010C Inductively Coupled Plasma Atomic 
Emission Spectroscopy”, Test Methods for Evaluating Solid Waste Physical/Chemical 
Methods, Revision 3, February 2007. 


21.2 U.S. Environmental Protection Agency, “Method 200.7, Inductively Coupled Plasma – 
Atomic Emission Spectroscopy,” Methods for Chemical Analysis of Water and Wastes, 
Revision 4.4, 1994. 


21.3 ALS Environmental Quality Assurance Manual, Revision (most current) 


21.4 Table 20.1-A - ICP-AES Analyte Listing for SW 846-6010C 


21.5 Table 20.1-B - ICP-AES Analyte Listing for Method 200.7 


21.6 Table 20.2 - Calibration and QC Summary 
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Table 20.1-A 


Analyte List: SW 846-6010C 
 


Aluminum   (Al)   7429-90-5 
Antimony   (Sb)   7440-36-0 
Arsenic (As)   7440-38-2 
Barium (Ba)   7440-39-3 
Beryllium   (Be)   7440-41-7 
Cadmium   (Cd)   7440-43-9 
Calcium   (Ca)   7440-70-2 
Chromium   (Cr)   7440-47-3 
Cobalt    (Co)   7440-48-4 
Copper (Cu)   7440-50-8 
Iron    (Fe)   7439-89-6 
Lead    (Pb)   7439-92-1 
Magnesium   (Mg)   7439-95-4 
Manganese   (Mn)   7439-96-5 
Molybdenum   (Mo)   7439-98-7 
Nickel    (Ni)   7440-02-0 
Potassium   (K)   7440-09-7 
Selenium   (Se)   7782-49-2 
Silver    (Ag)   7440-22-4 
Sodium (Na)   7440-23-5 
Thallium   (Tl)   7440-28-0 
Vanadium   (V)   7440-62-2 
Zinc    (Zn)   7440-66-6 


 
 
 
 


(Additional analytes may be added based upon appropriate performance data.) 
 
 
 
 
 
 
 


Uncontrolled Document







Metals by ICP-AES 
 HN-MET-015-R01  
 Effective: 10/01/2014 
 Page 27 of 30 


R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  


STANDARD OPERATING PROCEDURE 


 


Table 20.1-B 


Analyte List: Method 200.7 
 
 
 


Aluminum   (Al)   7429-90-5 
Antimony   (Sb)   7440-36-0 
Arsenic (As)   7440-38-2 
Barium (Ba)   7440-39-3 
Beryllium   (Be)   7440-41-7 
Cadmium   (Cd)   7440-43-9 
Calcium   (Ca)   7440-70-2 
Chromium   (Cr)   7440-47-3 
Cobalt    (Co)   7440-48-4 
Copper (Cu)   7440-50-8 
Iron    (Fe)   7439-89-6 
Lead    (Pb)   7439-92-1 
Magnesium   (Mg)   7439-95-4 
Manganese   (Mn)   7439-96-5 
Molybdenum   (Mo)   7439-98-7 
Nickel    (Ni)   7440-02-0 
Potassium   (K)   7440-09-7 
Selenium   (Se)   7782-49-2 
Silver    (Ag)   7440-22-4 
Sodium (Na)   7440-23-5 
Thallium   (Tl)   7440-28-0 
Vanadium   (V)   7440-62-2 
Zinc    (Zn)   7440-66-6 


 
 
 


(Additional analytes may be added based upon appropriate performance data.) 
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 Table 20.2  


Summary of Calibration and QC Procedures for Method 200.7 & 6010C 


QC Check 
 


Minimum 
Frequency 


 
Acceptance 


Criteria 


 
Corrective 


Actiona 
 
Initial calibration 
(minimum 3 
standards and a 
blank). 


 
Daily initial 
calibration prior to 
sample analysis. 


 
r >  0.998. 


 
N/A. 


 
Initial Calibration 
verification (second 
source). 


 
Daily after initial 
calibration, 


 
All analytes within ±5% 
of expected value for 
200.7 / ±10% for 6010C. 


 
Correct problem and 
repeat initial calibration. 


 
Calibration blank. 


 
Before beginning a 
sample run, after 
every 10 samples and 
at end of the analysis 
sequence. 


 
No analytes detected  
 > 3 x IDL. 


 
Correct problem then 
analyze calibration blank 
and previous 10 samples. 


 
Calibration 
verification 
(Instrument 
Performance Check 
Standard). 


 
Before beginning a 
sample run, after 
every 10 samples and 
at the end of the 
analysis sequence. 


 
All analytes within ±5% 
of expected value for 
200.7 initial check then, 
±10% for subsequent and 
6010C.  >4 replicates: 
200.7 : CV = <3% 
6010C : CV = <20% 


 
Correct problem then 
repeat calibration and 
reanalyze all samples 
since last successful 
calibration. 


 
Demonstrate ability 
to generate 
acceptable accuracy 
and precision using 
four replicate LCS 
analyses.  


 
Once per analyst. All analyte(s) within 


LIMS defined control 
criteria. 


 
Recalculate results; locate 
and fix problem with 
system and then rerun 
demonstration for those 
analytes that did not meet 
criteria. 


 
Method blank. 


 
One per preparation 
batch. 


 
No analytes detected  
> 3 x IDL. 


 
Correct problem, re-digest 
and analyze method blank 
and all samples processed 
with the contaminated 
blank. 


 
Interference check 
solutions (ICS-A). 


 
At the beginning of an 
analytical run. 


 
ICS-A:   All non-spiked 
analytes < ½ MQL;   
Spiked analytes within 
+20% of true value. 
 


 
Terminate analysis; locate 
and correct problem; 
reanalyze ICS; reanalyze 
all affected samples. 
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 Table 20.2  


Summary of Calibration and QC Procedures for Method 200.7 & 6010C 


QC Check 
 


Minimum 
Frequency 


 
Acceptance 


Criteria 


 
Corrective 


Actiona 
 
LCS for the analyte. 


 
One LCS per 
preparation batch. 


 
All analytes within + 
15% of the expected 
value for 200.7 and +/- 
20% for 6010C. 


 
Correct problem, re-digest 
and reanalyze the LCS 
and all samples in the 
affected preparation 
batch. 


 
Dilution test. 


 
Each preparatory 
batch. 


 
5X dilution must agree 
within +10% of the 
original determination for 
analytes present at 
concentrations > 100x 
concentrations found in 
reagent blank.  


 
Perform post digestion 
spike addition for failed 
analytes. 


 
Post digestion spike 
addition. 


 
When dilution test 
fails. 


 
Recovery within 80%-
120% of expected results. 


 
Dilute the sample; 
reanalyze post digestion 
spike addition. 


 
MS/MSD 


 
5% frequency for 
6010C, 10% 
frequency for 200.7. 


 
QC advisory acceptance 
criteria, 70% - 130% for 
200.7. 75% - 125% for 
6010C.  


 
Describe in Laboratory 
Review Checklist. 


 
Internal Standards 
(ISs). 


 
Every sample. 


 
Sample IS intensity: 70-
130% of initial 
calibration. 


 
Perform corrective action 
and/or dilution and 
reprocess all effected 
samples. 


 
MDL study. 


 
Performed Annually 


 
Detection limits 
established shall be  
< the MQLs. 
  


 
None. 


 
IDL study. 


 
Performed Quarterly 


 
Average of standard 
deviation of reagent 
blank analyzed 7 times on 
at least 3 non-consecutive 
days. 


 
None. 


Low-level Initial 
Calibration 
Verification 
(LLICV) 


Performed daily after 
Initial calibration 


70%-130% of expected 
value spike at MQL. 


Correct problem and 
repeat initial calibration. 
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 Table 20.2  


Summary of Calibration and QC Procedures for Method 200.7 & 6010C 


QC Check 
 


Minimum 
Frequency 


 
Acceptance 


Criteria 


 
Corrective 


Actiona 
Low-level 
Continuing 
Calibration 
Verification 
(LLCCV) 
 


Performed before 
analysis of samples 
and after every 10 
samples in the 
sequence. 


70%-130% of expected 
value spike at MQL. 


Correct problem then 
repeat calibration and 
reanalyze all samples of 
similar concentration 
since last successful 
calibration verification. 


Low-level Quality 
Control Sample 
(LLQC) 


One LLQC per 
quarter. 


70%-130% of expected 
value spike at MQL.  
Carried through entire 
preparation process. 


Correct problem, re-digest 
and reanalyze.  If problem 
cannot be corrected, spike 
at a higher concentration 
and update PQLs 
accordingly. 
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TOTAL ORGANIC CARBON 


1) Scope and Applicability 


1.1 This method describes the procedure for the determination of organic carbon in 
potable water, non-potable water, and swab samples. This SOP is based upon EPA 
415.3, SM 5310C, and SW846-9060. 


1.2 The method may be used to analyze samples having concentrations TOC from 0.5 to 
10 mg/L. 


2) Summary of Procedure 


2.1 Carbon content in a sample is converted to carbon dioxide (CO2) by either acidification 
or oxidation.  The CO2 is purged from solution, trapped for concentration, desorbed, 
and carried to an infrared analyzer. 


2.2 Carbon dioxide released as a function of acidification is reported as Total Inorganic 
Carbon (TIC). 


2.3 Carbon dioxide released as a function of oxidation is reported as Total Organic Carbon 
(TOC). 


2.4 Total Carbon (TC) may be reported by the addition of TOC and TIC. 


2.5 Method Modifications 
 


2.5.1 For the analytical determination of TOC, all measurements shall be based 
upon three iterations.  Final concentration shall be based upon the average 
value of the three iterations. 


3) Definitions 


3.1 Laboratory Control Sample (LCS): An analyte-free matrix spiked with known 
concentrations of all target analytes. This is used to evaluate and document laboratory 
method performance. 


3.2 Matrix: The component or substrate (e.g., surface water, groundwater, soil) which 
contains the analyte of interest.  


3.3 Matrix Spike (MS): An aliquot of background sample spiked with a known 
concentrations of all target analytes. The spiking occurs prior to sample preparation 
and analysis. A matrix spike is used to assess the bias of a method in a given sample 
matrix.  


3.4 Matrix Spike Duplicate (MSD): A duplicate aliquot of the background sample spiked 
with a known concentrations of all target analytes. Spiking occurs prior to sample 
preparation and analysis. The MS/MSD pair are used to assess precision and bias of a 
method in a given sample matrix.  


3.5 Method Blank: An analyte-free matrix to which all reagents are added in the same 
volumes or proportions as used in sample processing. The method blank is carried 
through the complete sample preparation and analytical procedure. The method blank 
is used to document contamination resulting from the analytical process.  


3.6 Limit of Quantitation (LOQ): The minimum levels, concentrations, or quantities of a 
target variable (e.g., target analyte) that can be reported with a specified degree of 
confidence. The LOQ is also referred to as the method quantitation limit (MQL) or the 
reporting limit (RL).  
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3.7 Limit of Detection (LOD): an estimate of the minimum amount of a substance that an 
analytical process can reliably detect.  An LOD is analyte- and matrix-specific and may 
be laboratory-dependent. 


3.8 Method Detection Limit (MDL) study: the procedure, as described in 40CFR part 136, 
for determining the LOD based on statistical analysis of 7 low-level replicate spikes.  


4) Health and Safety Warnings 


4.1 Lab Safety: Due to various hazards in the laboratory, safety glasses and laboratory 
coats or aprons must be worn at all times while in the laboratory.  In addition, gloves 
and a face shield should be worn when dealing with toxic, caustic, and/or flammable 
chemicals.   


4.2 Chemical Hygiene: The toxicity or carcinogenicity of each reagent used has not been 
precisely defined; however, each chemical used should be treated as a potential health 
hazard. Exposure to laboratory reagents should be reduced to the lowest possible 
level. The laboratory maintains a current awareness file of OSHA regulations regarding 
the safe handling of the chemicals specified in this method. A reference file of data 
handling sheets (MSDS) is available to all personnel involved in these analyses.   


4.3 Waste Management: The principal wastes generated by this procedure are the method-
required chemicals and standards. It is the laboratory's responsibility to comply with 
all federal, state, and local regulations governing waste management by minimizing 
and controlling all releases from fume hoods and bench operations. Compliance with 
all sewage discharge permits and regulations is required.  Laboratory procedures in 
SOP HN-SAF-001, Waste Disposal Procedures, must be followed. 


4.4 Pollution Prevention: The materials used in this method pose little threat to the 
environment when recycled and managed properly. The quantities of chemicals 
purchased should be based on the expected usage during its shelf life. Standards and 
reagents should be prepared in volumes consistent with laboratory use to minimize 
the volume of expired standards or reagents to be disposed.  


5) Cautions 


5.1 N/A 


6) Interferences 


6.1 High levels of inorganic carbon may cause positive TOC bias as the result of 
incomplete combustion and/or carryover during the prior analysis. 


6.2 Method interferences may result from contamination of laboratory reagents, glassware, 
and sample processing equipment.  The use of high purity reagents and gases is 
required as is adherence to the applicable glassware cleaning procedure (SOP HN-GEN-
003). 


7) Personnel Qualifications and Responsibilities 
7.1 General Responsibilities - This method is restricted to use by or under the supervision 


of analysts experienced in the method. 


7.2 Analyst - It is the responsibility of the analyst(s) to: 


  
7.2.1 Each must read and understand this SOP and follow it as written. Any 


deviations or non-conformances must be documented and submitted to the 
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QA Manager for approval.  
7.2.2 Produce method compliant data that meets all quality requirements using this 


procedure and the Data Reduction, Review and Validation SOP (HN-QS-009).  
7.2.3 Complete the required initial demonstration of proficiency before performing 


this procedure without supervision. 
7.2.4 Complete an ongoing demonstration of proficiency annually when continuing 


to perform the procedure. 
7.2.5 The analysts must submit data for peer or supervisor review. 


7.3 Section Supervisor - It is the responsibility of the section supervisor to: 


 
7.3.1 Ensure that all analysts have the technical ability and have received adequate 


training required to perform this procedure. 
7.3.2 Ensure analysts have completed the required initial demonstration of 


proficiency before performing this procedure without supervision.  
7.3.3 Ensure analysts complete an ongoing demonstration of proficiency annually 


when continuing to perform the procedure. 
7.3.4 Ensure analysts produce method compliant data that meet all quality 


requirements using this procedure and the Data Reduction, Review and 
Validation SOP.  


7.4 Project Manager - It is the responsibility of the Project Manager to ensure that all 
method requirements for a client requesting this procedure are understood by the 
laboratory prior to initiating this procedure for a given set of samples. 


7.5 QA Manager: The QA Manager is responsible for 


  
7.5.1 Approving deviations and non-conformances  
7.5.2 Ensuring that this procedure is compliant with method and regulatory 


requirements,  
7.5.3 Ensuring the analytical method and SOP are followed as written through 


internal method and system audits. 


8) Sample Collection, Handling, and Preservation 


8.1 Samples should be collected in glass bottles and stored refrigerated at 4°C. 


8.2 Samples should be preserved to a pH <2 with Sulfuric Acid. 


8.3 Samples should be analyzed within 7 days of collection and must be analyzed within 
28 days of collection. 


9) Equipment and Supplies 


9.1 O.I. Total Organic Carbon Analyzer 


9.2 40 ml VOA vials 


9.3 Mettler AE-100 analytical balance, or equivalent  


9.4 Class A pipettes – Various sizes 


9.5 Class A volumetric flasks: 200 ml  


9.6 0.45um filters (for dissolved analysis) 
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9.7 Filter Holder 


10) Standards and Reagents 


10.1 Deionized Water (DI) – ASTM Type II or higher.   


10.2 Sodium Persulfate (Na
2
S


2
O


8
) - Reagent grade or higher 


10.3 10% Sodium Persulfate 
 


10.3.1 Add approximately 400 ml DI water to a 1000 ml Class A volumetric flask. 
10.3.2 Add 100 g of sodium persulfate (Section 10.2). 
10.3.3 Dissolve and bring to final volume. 
10.3.4 Transfer to an appropriately labeled bottle. 
10.3.5 This solution should be replaced monthly or if degradation is noted.  The 


expiration date of this solution cannot exceed that of its parent compound. 


10.4 Phosphoric acid –85%, Reagent grade or higher 


10.5 Phosphoric acid – 5% (v/v) 
 


10.5.1 Add approximately 700 ml DI water to a 1000 ml Class A volumetric flask. 
10.5.2 Add 59 ml of 85% phosphoric acid (Section 10.4) 
10.5.3 Mix and allow cooling to room temperature. 
10.5.4 Bring to final volume. 
10.5.5 Transfer to an appropriately bottle. 
10.5.6 This solution should be replaced after 6 months or if degradation is noted.  


The expiration date of this solution cannot exceed that of its parent solution. 


10.6 TOC Stock Standard @ 1000 mg/L: Two sources are required.  Standard can be 
purchased as a certified solution (Absolute #59179) or prepared as follows: 


 
10.6.1 Weigh out approximately 2.5 g of potassium biphthalate and dry to constant 


weight at 1100 C.  
10.6.2 Add approximately 500 ml of DI water to a 1000 ml Class A volumetric flask. 
10.6.3 Quantitatively transfer 2.128 g of the dried potassium biphthalate to the 


flask. 
10.6.4 Mix and dilute to volume. 
10.6.5 Transfer to an appropriately labeled container. 
10.6.6 This solution should be replaced after 3 months or if degradation is noted.  


The expiration date of this solution cannot exceed that of its parent 
compound. 


10.7 TOC Working Standards 
 


10.7.1 10 mg/L Working Standard (High-Level) 
 


10.7.1.1 Add approximately 700 ml of DI water to a 1000 ml Class A 
volumetric flask. 


10.7.1.2 Volumetrically add 10 ml of the 1000 mg/L stock (Section 10.6) 
10.7.1.3 Mix and bring to final volume 
10.7.1.4 Transfer to an appropriately labeled container 
10.7.1.5 This solution should be replaced after 1 month or if degradation is 


noted. The expiration date cannot exceed that of its parent 
solution. 


 
10.7.2 5 mg/L Working Standard (Mid-Level) 
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10.7.2.1 Add approximately 700 ml of DI water to a 1000 ml Class A 


volumetric flask. 
10.7.2.2 Volumetrically add 5 ml of the 1000 mg/L stock (Section 10.6) 
10.7.2.3 Mix and bring to final volume 
10.7.2.4 Transfer to an appropriately labeled container 
10.7.2.5 This solution should be replaced after 1 month or if degradation is 


noted. The expiration date cannot exceed that of its parent 
solution. 


 
10.7.3 0.5 mg/L Working Standard (Low-Level) 
 


10.7.3.1 Add approximately 700 ml of DI water to a 1000 ml Class A 
volumetric flask. 


10.7.3.2 Volumetrically add 0.5 ml of the 1000 mg/L stock (Section 10.6) 
10.7.3.3 Mix and bring to final volume 
10.7.3.4 Transfer to an appropriately labeled container 
10.7.3.5 This solution should be replaced after 1 month or if degradation is 


noted. The expiration date cannot exceed that of its parent 
solution. 


11) Method Calibration 
11.1 Using the 1000 mg/L standard (Section 10.6), prepare a series of four calibration 


standards as shown in Table 11. 
 


Table 11 
Standard Conc 


(mg/L) 
 Stock Standard 


Amount (ml) 
 Final Volume 


(mL) 
0.50  0.5  1000 
2.00  2.0  1000 
5.00  5.0  1000 


10.00  10.0  1000 
(Note: The analyst may add additional calibration levels in order to extend the instrument's calibration range.) 


11.2 Using a second- source standard, prepare an initial calibration verification standard at 
or near the mid-point of the calibration curve. 


11.3 The calibration must follow a linear model regression with a correlation coefficient of 
0.995. 


11.4 The second source standard must be within 80-120% of the true value. 


11.5 A low level calibration standard prepared at the lowest level of calibration must meet 
criteria of 60-140% of the true value. 


12) Sample Preparation/Analysis 


12.1 Sample Preparation 
 


12.1.1 Aqueous Matrices 
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12.1.1.1 Aqueous matrices require no preparation prior to analysis. 
12.1.1.2 If the matrix exhibits a high degree of particulate matter, allow     


the sample to settle prior to aspiration. 
 


12.1.2 Swab Matrices 
 


12.1.2.1 Carefully remove the swab from the shipping container and place in 
a 40 ml VOA vial. 


12.1.2.2 Rinse the shipping container with approximately 5 ml of DI water 
and transfer to the VOA vial. 


12.1.2.3 Repeat Section 12.1.2.2 two additional times 
12.1.2.4 Bring the final volume of the VOA vial to 40 ml. 
12.1.2.5 Allow particulate matter to settle for a minimum of 1 hour.  
12.1.2.6 Process a Blank Swab with the analytical run to allow for blank 


corrected TOC swab calculations. 


12.2 Calibration Verification 
 


12.2.1 Blank Verification 
 


12.2.1.1 Process a sample blank (DI water) prior to sample analysis, after 
every 10 samples, and at the end of the run. 


12.2.1.2 The TOC concentration should be < 0.25 mg/L and must be < 0.5 
mg/L. 


12.2.1.3 If the TOC concentration is > 0.5 mg/L, determine and correct the 
source of the contamination. 


12.2.1.4 All samples associated with blank contamination must be re-
analyzed. 


 
12.2.2 Continuing Calibration Verification 
 


12.2.2.1 Process the low-level and high-level standards following the blank 
verification and prior to sample analysis, the mid-level standard 
after every ten injections, and the low-level and high level standards 
at the end of the analytical sequence. 


12.2.2.2 High-level must meet accuracy performance criteria of 85-115% of 
the true value. 


12.2.2.3 Low-level must meet accuracy performance criteria of 60-140% of 
the true value. 


12.2.2.4 Mid-level standard must meet accuracy performance criteria of 90-
110%. 


12.2.2.5 Calibration verification standards should be prepared from the 
primary source supplier (i.e., same source as used for the initial 
calibration standards). 


12.2.2.6 If the TOC concentration does not fall within criteria, check 
standard integrity and re-analyze.  If the subsequent verification 
fails criteria, re-calibrate as documented in Section 11.0. 


12.3 Sample Analysis 
 


12.3.1 Process all samples utilizing the same parameters as those used to establish 
and verify instrument calibration. 


12.3.2 Sample results must fall within the instrument calibration range.  Samples 
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exhibiting concentrations above the upper calibration limit must be diluted 
and re-analyzed. 


12.3.3 Sample Reiteration 
 


12.3.3.1 All samples must be run in triplicate. 
12.3.3.2 Results must be averaged for reporting and have a RPD < 10%. 


12.4 Analytical QC 
 


12.4.1 LCS 
 


12.4.1.1 A LCS must be processed with each analytical batch or every 20 
samples (whichever is more frequent). 


12.4.1.2 The LCS must be spiked at or near the mid-point of the calibration 
curve. 


12.4.1.3 The LCS must meet accuracy performance criteria as outlined in the 
applicable LIMS test code. 


12.4.1.4 All samples associated with a failed LCS must be reprocessed. 
 


12.4.2 MS/MSD 
 


12.4.2.1 A MS/MSD must be processed with each analytical batch or every 
20 samples (whichever is less). 


12.4.2.2 The MS/MSD should be spiked at or near the mid-point of the 
calibration curve. 


12.4.2.3 The MS/MSD should meet accuracy performance criteria and must 
meet precision criteria as outlined in the applicable LIMS test code. 


12.5 The analyst must carefully review MS/MSD recovery failures.  If the recovery failure is 
related to laboratory error, all associated samples must be reprocessed.  If no systemic 
error is apparent, sample results should be flagged to indicate matrix interference. 


13) Troubleshooting 


13.1 Refer to TOC analyzer hardware manual for specific technical guidance. 


14) Data Acquisition  


14.1 All data must be notated with sample identity, date of analysis, initials of analyst, and 
maintained in a file folder. 


14.2 Typical Analytical Sequence:  
 


14.2.1 Initial Calibration (if necessary) 
14.2.2 Initial Calibration Verification (if necessary). 
14.2.3 Initial Calibration Blank 
14.2.4 High-Level Continuing Calibration Verification  
14.2.5 Low-Level CCV 
14.2.6 Method Blank / CCB 
14.2.7 Laboratory Control Sample 
14.2.8 Matrix spike    
14.2.9 Matrix spike duplicate  
14.2.10 Commercial samples (5)   
14.2.11 Mid-Level Continuing Calibration Verification 
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14.2.12 Blank Verification  
14.2.13 10 Commercial samples 
14.2.14 Mid-Level Continuing Calibration Verification 
14.2.15 Blank Verification  
14.2.16 10 Commercial samples 
14.2.17 High-Level CCV 
14.2.18 Low-Level CCV 
14.2.19 Blank Verification  
 
Note:  Blank and continuing calibration verification must be completed prior to sample 
analysis, after every ten samples, and at the end of the analytical sequence. 


15) Calculation, and Data Reduction Requirements 


15.1 TOC results are generated from the established instrument calibration and printed 
directly.  Results must be multiplied by the dilution factor if necessary.   
 


            
mL) volume(initial


mL) volume, lmg/L)(fina (response,
= (mg/L TOC


,
)  


15.2 TOC in swabs is calculated by the following equation: 
 


)(
),)(/,(/


swab
LvolumefinalLmgresponse


SwabTOC =  


 
15.2.1 Note: Swab surface area may be substituted in the denominator if known. 
15.2.2 Product Residue is calculated using the following equations: 
 


2
2


//000,000,1*
)/(
)100//(


)(/1/1000*/04.*)/(


)/()/()/(


cmproductg
KgmgTOCproduct


cmsampleg


sampleswabTOCgmggSwabLLmgTOCcorrectedBlank


LmgswabinTOCcorrectedBlankLmgTOCSwabBlankLmgTOCSample


µ
µ


µµ


=


=


=−


 


15.3 QC Calculations:  LIMS calculates the percent recovery for various QC samples (MS, 
MSD, LCS) according to the following equations:  
15.3.1 % Recovery, %R (for MS and MSD Samples) 


Where: 
SSR = Spiked Sample Result (mg/L or mg/kg). 
SR   = Sample Result (unspiked). 
SA   = Spike Amount Added (mg/L or mg/kg). 
 


( ) 100
SA


SRSSRR% ×
−


=
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15.3.2 % Recovery, %R (for standards and LCS) 


Where: 
SSR = Spiked Sample Result (mg/L or mg/kg). 
SA   = Spike Amount Added (mg/L or mg/kg). 
 


15.3.3 RPD (for precision or duplicate evaluation) 


Where: 
SR


1
 = Sample result for duplicate 1. 


SR
2
 = Sample result for duplicate 2. 


16) Quality Control, Acceptance Criteria and Corrective Action 
16.1 Initial Calibration:  


 
16.1.1 Initial calibrations must be performed quarterly at a minimum, or earlier if 


calibration verification fails.   
16.1.2 The lowest level of calibration must be at or below the method-reporting limit.  


The highest level of calibration defines the maximum reportable 
concentration. 


16.1.3 The calibration must follow a linear model regression with a correlation 
coefficient of 0.995. 


16.1.4 In the event of initial calibration failure, check instrument conditions, 
calibration solutions, and reprocess the curve.  If additional problems are 
encountered, immediately notify the Department Supervisor and/or QA 
Manager. 


16.1.5 All samples associated with a failed initial calibration must be re-processed.  If 
samples cannot be re-processed due to insufficient sample volume, the 
original results must be flagged “Unusable”. 


16.2 Initial Calibration Verification (ICV): 
 
16.2.1 Verify each new curve with a second source standard  
16.2.2 The ICV must meet accuracy performance criteria of 80-120% of the true 


value. 
16.2.3 In the event of ICV failure, check instrument conditions, calibration solutions, 


ICV solution, and reprocess.  If additional problems are encountered, 
immediately notify the Department Supervisor and QA Manager. 


16.2.4 All samples associated with a failed ICV must be re-processed.  If samples 
cannot be re-processed due to insufficient sample volume, the original results 
must be flagged “Unusable”. 


16.3 Continuing Calibration Verification (CCV): 
 
16.3.1 Verify the curve prior to running samples, every ten samples thereafter and at 


the end of the run with the same source as the initial calibration standard. 
16.3.2 Calibration verification must be documented using the low-level, mid-level, 


and high level standards.   


( ) 100
SRSR½


SRSR
RPD


21


21 ×
+


−
=


( )
100


SA


SSR
R% ×=
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16.3.3 High level verifications must meet accuracy performance criteria of 85-115% 
of the true value. 


16.3.4 Mid-level verifications must meet accuracy performance criteria of 90-110% of 
the true value. 


16.3.5 Low-level verifications must meet accuracy performance criteria of 60-140% of 
the true value. 


16.3.6 The CCV may fail high if the bracketed samples are non-detect. 
16.3.7 In the event of CCV failure, check instrument conditions, calibration solutions, 


CCV solution, and reprocess all samples since the last passing CCV.  If 
additional problems are encountered, immediately notify the Department 
Supervisor and QA Manager. 


16.3.8 All samples associated with a failed CCV must be re-processed.  If samples 
cannot be re-processed due to insufficient sample volume, the original results 
must be flagged “Unusable”. 


16.4 Calibration Blank 
 
16.4.1 Verify that the system is free of contamination after each new curve and prior 


to running samples, every ten samples thereafter and at the end of the run.   
16.4.2 The blank results should be less than 0.25 mg/L and must be less than 0.5 


mg/L. 


16.5 Laboratory Control Standard (LCS)  
 
16.5.1 The LCS must be spiked at or below the mid-point of the calibration curve and 


be processed through the entire analytical procedure.  Each batch of 20 
samples must include a LCS. 
 
16.5.1.1 Prepare by adding 250 µl of the 1000 mg/L standard to 50 ml of 
  DI water. 
  


16.5.2 The LCS must meet accuracy performance criteria as outlined in the applicable 
LIMS test code. 


16.5.3 If the LCS falls outside the acceptance range, perform corrective action to 
solve the source of the error, re-prepare and re-analyze the sample batch. If 
the LCS fails high and samples are non-detect, the data may be reported but it 
must be narrated. 


16.6 Matrix Spike Sample  
 
16.6.1 Matrix spikes must be analyzed on a frequency of one spike for each 20 


samples analyzed.  If fewer than 20 samples are in a batch, one spike will be 
analyzed. 
 
16.6.1.1 Prepare by adding 250 µl of the 1000 mg/L standard to 50 ml of 
  sample. 
16.6.1.2 If added to a sample dilution aliquot, set the spike factor in LIMS 
  to the dilution factor of the sample for proper calculation. 
   


16.6.2 The MS should meet accuracy performance criteria as outlined in the 
applicable LIMS test code. 


16.6.3 If the spike results are outside the acceptance limits for recovery, first 
determine if the cause is systemic; if so, correct the problem and reprocess all 
associated samples.  If no system error is detected, the LCS must fall within 
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acceptance criteria for the data to be accepted and reported. The sample 
results should be flagged for matrix interference.  


16.7 Matrix Spike Duplicate Sample (MSD) 
 


16.7.1 The MSD should meet accuracy and must meet precision performance criteria 
as outlined in the applicable LIMS test code. 


16.7.2 A Matrix Spike Duplicate (MSD) may be substituted for a duplicate analysis 
unless specified otherwise by project requirements. 


16.7.3 If duplicate results are outside the acceptance limits for relative percent 
deviation, first determine the cause.  If it is a system error, correct the 
problem and reprocess all associated samples. If no system error is detected, 
the LCS must fall within the acceptance criteria in order for the data to be 
accepted.   The sample results should be flagged for matrix interference.  


16.8 Deviations and non-conforming events must be documented using a Nonconformance 
Corrective Action Report (NCAR) or as an Exception Report item on the laboratory 
review checklist. For mandatory QC failures (e.g. LCS), the NCAR must be submitted to 
the QA Manager via the NCAR database. 


17) Data Records Management 


17.1 All data is stored both electronically and hard copy for a minimum of 10 years. 


17.2 All analytical sequence IDs and standard preparation information must be recorded in 
the Run logbook. Hardcopy computer printouts of analytical sequences and raw data 
must be retained and initialed by the analyst (electronic initials are acceptable). To 
simplify standard tracking, analyst must attempt to use one lot of reagents and 
standards with each batch. 


17.3 Complete all pertinent sections in the respective logbooks.  If not-applicable, then line 
out the section.  “Z” out or “X” out all large sections of the worksheet that are not used. 
Make all corrections with single line through, date and initial. Make NO obliterations 
when manually recording data.  


17.4 Logbooks are controlled. Never remove a page from a logbook. Completed logbooks 
are returned to the QA department when filled and no longer needed in the work area. 


17.5 The effective date of this SOP is the date in the header or last signature date, 
whichever is most recent 


17.6 Logbooks must be reviewed monthly by the department supervisor. 


17.7 Logbooks must be reviewed quarterly by the QA Staff. 


18) Contingencies for Handling Out of Control Data 


18.1 When method required QC exceedances occur, in every case where sample data quality 
are affected, the source of the QC exceedance must be determined, corrected and 
sample reanalysis carried out when possible.  


18.2 When affected sample analysis can not be repeated due to limitations (i.e. sample 
availability, or if reanalysis can only be performed after expiration of a sample hold 
time), the reporting of data associated with exceeded QC data must be appropriately 
flagged and narrated.  This documentation is necessary to define for the data user the 
effect of the error has upon the data quality of the results reported (e.g. E flag data 
indicate the result to be only an estimate).   
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18.3 All analysts must report sufficient comments in laboratory data review checklist for 
exceeded QC associated with sample results so that project management can further 
narrate and ensure data qualifiers (flags) are properly assigned to the reported data.   


18.4 NCARs must be issued for QC system exceedances. Matrix interferences are reported 
using the analyte reporting comment section in LIMS or using the Laboratory Data 
review checklist.    


19) Method Performance 
19.1 Initial Demonstration of Proficiency- Each analyst must perform an initial 


demonstration of proficiency on a method and matrix basis with a successful analysis 
of four LCS where acceptable precision and accuracy are generated. The accuracy 
component must fall within LCS criteria. The precision component must be less than 
20% for duplicate RPD data.  


19.2 Method Detection Limits (MDLs) must be determined on an annual basis (at minimum) 
or whenever major modifications are performed. 


19.3 Method performance is monitored through the semi-annual analysis of a PT sample.  
 


20) Summary of Changes 
Table 20.1 Summary of Changes 


Revision 
Number 


Effective 
Date 


Document 
Editor 


Description of Changes 


R04 7/1/12 CES Formatting 
R05 9/1/13 CES Formatting 
R06 10/1/14 CES Updated Control limits to reflect LIMS 
R07 02/15/15 DWD Updated oxidizer type & spike preparation; 


typical analytical sequence 


21) References and Related Documents 


21.1 U.S. Environmental Protection Agency, OWSER, “Method 9060, “Total Organic Carbon", 
Test Methods for Evaluating Solid Waste Physical/Chemical Methods, Update III, June 
13, 1997. 


21.2 U.S Environmental Protection Agency, Methods for Chemical Analysis of Water and 
Wastes, Method 415.3. 


21.3 Standard Methods for the Examination of Water and Wastewater, Method 5310C, Total 
Organic Carbon, Online Edition, 1997. 


21.4 ALS Environmental Quality Assurance Manual, Revision (most current) 
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SEMI-VOLATILE ORGANIC COMPOUNDS 


1) Scope and Applicability 


1.1 This method can be used to quantitate most neutral, acidic, and basic organic 
compounds that are soluble in methylene chloride and capable of being eluted without 
derivatization as sharp peaks from a gas chromatographic fused-silica capillary column 
coated with a slightly polar silicone. Such compounds include polynuclear aromatic 
hydrocarbons, chlorinated hydrocarbons and pesticides, phthalate esters, 
organophosphate esters, nitrosamines, haloethers, aldehydes, ethers, ketones, 
anilines, pyridines, quinolines, aromatic nitro compounds, and phenols.  


1.2 This method, and associated extraction procedures, is applicable to a variety of 
matrices including: drinking water, non-potable water, solid/chemical materials, 
biological tissues, and air/emissions.  This method is based upon and compliant with 
SW846 8270C, 8270D, and EPA 625. 


2) Summary of Procedure 


2.1 Samples are extracted utilizing the appropriate method/SOP for semivolatile extraction 
of the sample matrix type. The extracts are analyzed using GC/MS techniques. The 
routinely reported standard target compound list are those compounds marked with 
an * in Table 2.1.  


2.2 Typical Method Quantitation/Reporting Limit (MQL/MRL) for this method for 
determining an individual compound is approximately 330 ug/kg (wet weight) for 
soil/sediment samples, 1-200 mg/kg for wastes and approximately 10 ug/L for 
groundwater samples.  MQL/MRLs will be proportionately higher for sample extracts 
that require dilution to avoid saturation of the detector or chromatographic system. 
MQL/MRLs, and all other calculated concentrations, shall be based upon values 
obtained from sample extracts processed according to this SOP and the applicable 
extraction procedure SOP HN-EXT-001, HN-EXT-002, HN-EXT-003, or HN-EXT-013. 


TABLE 2.1  -- CHARACTERISTIC IONS FOR SEMI-VOLATILE COMPOUNDS2 


Compound Primary 
Ion 


Secondary Ion(s) Water 
MQL1 g/L 


Solid MQL1 
g/Kg 


1,2,4,5-Tetrachlorobenzene 216 214,  218 10 330 


1,2,4-Trichlorobenzene* 180 182, 145 5 160 


1,2-Dichlorobenzene* 146 148, 111 5 160 


1,2-Dinitrobenzene 168 50, 63 5 330 


1,2-Diphenylhydrazine (azobenzene)* 77 105, 182 5 160 


1,3-Dichlorobenzene* 146 148, 111 5 160 


1,3-Dinitrobenzene 168 76, 75, 122 5 160 


1,4-Dichlorobenzene* 146 148, 111 5 160 


1,4-Dichlorobenzene-d4 (I.S.)* 150 152, 115 5 330 


1,4-Dinitrobenzene 168 75, 76 5 330 


1,4-Naphthoquinone 158 102, 130 5 160 
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TABLE 2.1  -- CHARACTERISTIC IONS FOR SEMI-VOLATILE COMPOUNDS2 


Compound Primary 
Ion 


Secondary Ion(s) Water 
MQL1 g/L 


Solid MQL1 
g/Kg 


1,4-Phenylenediamine 108 80, 107 5 330 


1-Chloronaphthalene 162 127, 164 5 330 


1-Napthylamine 143 115, 116 20 660 


2,3,4,6-Tetrachlorophenol 232 131, 230 20 660 


2,4,5-Trichlorophenol* 196 198, 132 5 160 


2,4,6-Tribromophenol (surr.)* 330 332, 141 5 330 


2,4,6-Trichlorophenol* 196 198, 132 5 160 


2,4-Dichlorophenol* 162 164, 98 10 160 


2,4-Dimethylphenol* 107 122, 121 5 330 


2,4-Dinitrophenol* 184 91, 107 5 660 


2,4-Dinitrotoluene* 165 63, 89 5 160 


2,6-Dichlorophenol 162 164, 98 10 160 


2,6-Dinitrophenol 184 126, 63 5 160 


2,6-Dinitrotoluene* 165 63, 89 5 160 


2-Acetylaminofluorene 181 180, 223 5 160 


2-Chloronaphthalene* 162 127, 164 5 6.67 


2-Chlorophenol* 128 64, 130 5 160 


2-Fluorobiphenyl (surr.)* 172 171 5 330 


2-Fluorophenol (surr.)* 112 64 5 330 


2-Methylnapthalene* 142 141, 115 5 6.67 


2-Methylphenol* 107 108, 77 5 160 


2-Naphthylamine 143 115, 116 20 660 


2-Nitroaniline* 65 92, 138 20 660 


2-Nitrophenol* 139 109, 65 5 160 


2-Picoline 93 66, 92 10 330 


3,3'-Dichlorobenzidine* 252 254, 126 5 660 


3,3'-Dimethoxybenzidine 244 201, 229 5 330 


3,3'-Dimethylbenzidine 212 213, 211 20 660 


3-Methylphenol 107 108, 77, 79, 90 5 160 
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TABLE 2.1  -- CHARACTERISTIC IONS FOR SEMI-VOLATILE COMPOUNDS2 


Compound Primary 
Ion 


Secondary Ion(s) Water 
MQL1 g/L 


Solid MQL1 
g/Kg 


3-Nitroaniline* 138 65, 92 20 660 


4,6-Dinitro-2-methylphenol* 198 51, 105 20 330 


4-Aminobiphenyl 169 168, 170 20 660 


4-Bromophenyl phenyl ether* 248 250, 141 5 160 


4-Chloro-3-methylphenol* 107 144, 142 5 160 


4-Chloroaniline* 127 129, 92 20 660 


4-Chlorophenyl phenyl ether* 204 206, 141 5 160 


4-Methylphenol* 107 108, 77 5 160 


4-Nitroaniline* 138 108, 92 20 660 


4-Nitrophenol* 65 109, 139 20 660 


5-Nitro-o-toluidine 152 77, 106 5 160 


7,12-Dimethylbenz(a)anthracene 256 241, 239 5 160 


a,a-Dimethylphenylamine 58 91, 42 10 160 


Acenaphthene* 154 153, 152 5 6.67 


Acenaphthene-d10 (I.S.)* 164 162, 160 5 330 


Acenaphthylene* 152 151, 153 5 6.67 


Acetophenone 105 71, 51, 120 1 330 


Aniline* 93 66, 65 20 660 


Anthracene* 178 176, 179 5 6.67 


Benz(a)anthracene* 228 229, 113 5 6.67 


Benzidine* 184 92, 185 50 660 


Benzo(a)pyrene* 252 253, 125 5 6.67 


Benzo(b)fluoranthene* 252 253, 125 5 6.67 


Benzo(g,h,i)perylene* 276 138, 277 5 6.67 


Benzo(k)fluoranthene* 252 253, 125 5 6.67 


Benzoic acid* 122 105, 77 50 100 


Benzyl Alcohol* 108 79, 77 20 660 


Bis(2-chloroethoxy) methane* 93 95, 123 5 160 


Bis(2-chloroethyl) ether* 93 63, 95 5 160 
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TABLE 2.1  -- CHARACTERISTIC IONS FOR SEMI-VOLATILE COMPOUNDS2 


Compound Primary 
Ion 


Secondary Ion(s) Water 
MQL1 g/L 


Solid MQL1 
g/Kg 


Bis(2-chloroisopropyl) ether* 45 77, 121 5 160 


Bis(2-ethylhexyl)phthalate* 149 167, 279 5 330 


Butyl benzyl phthalate* 149 91, 206 5 160 


Chrysene* 228 226, 114 5 6.67 


Chrysene-d12 (I.S.)* 240 120, 236 5 330 


Dibenz(a,h)anthracene* 278 139, 279 5 6.67 


Dibenz(a,j)acridine 279 280, 277, 250 10 330 


Dibenzofuran* 168 139, 84 5 160 


Diethylphthalate* 149 177, 150 20 330 


Dimethylaminoazo benzene 120 77, 225 10 160 


Dimethylphthalate* 163 194, 164 20 330 


Di-n-butylphthalate* 149 150, 104 5 330 


Di-n-octylphthalate* 149 150, 279 5 330 


Diphenylamine 169 168, 167 5 330 


Ethyl methanesulfonate 79 109, 97 5 160 


Fluoranthene* 202 101, 203 5 6.67 


Fluorene* 166 165, 167 5 6.67 


Hexachlorobenzene* 284 142, 249 5 160 


Hexachlorobutadiene* 225 223, 190 5 160 


Hexachlorocyclopentadiene* 237 235, 272 20 330 


Hexachloroethane* 117 201, 199 5 160 


Hexachlorophene 196 198, 209, 211, 406, 408 40 330 


Hexachloropropene 213 211, 215 20 660 


Hydroquinone 110 81, 53, 55 5 330 


Indeno(1,2,3-cd)pyrene* 276 138, 227 5 6.67 


Isophorone* 82 95, 138 5 160 


Isosafrole 162 131, 161 10 330 


Methylmethanesulfonate 80 79, 65 10 330 


Napthalene* 128 102, 127 5 6.67 
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TABLE 2.1  -- CHARACTERISTIC IONS FOR SEMI-VOLATILE COMPOUNDS2 


Compound Primary 
Ion 


Secondary Ion(s) Water 
MQL1 g/L 


Solid MQL1 
g/Kg 


Napthalene-d8 (I.S.)* 136 68 5 330 


Nitrobenzene* 123 77, 65 5 160 


Nitrobenzene-d5 (surr.)* 82 128, 54 5 330 


N-Nitrosodibutylamine 84 57, 116 10 330 


N-Nitrosodiethylamine 102 42, 44 10 330 


N-Nitrosodimethylamine 42 74, 43 5 160 


N-Nitrosodi-n-propylamine* 70 42, 130 5 160 


N-Nitrosodiphenylamine* 169 168, 167 5 160 


N-Nitrosomethylethylamine 42 88, 43 5 160 


N-Nitrosopiperidine 42 114, 55 5 330 


N-Nitrosopyrrolidine 100 41, 42 10 330 


o-Toluidine 106 107, 77 10 330 


p-Benzoquinone 108 54, 82, 80 5 330 


p-Cresidine 122 94, 137, 77, 93 5 330 


Pentachlorobenzene 250 252, 248 20 660 


Pentachloronitrobenzene 237 214, 295 10 660 


Pentachlorophenol* 266 264, 165 10 330 


Perylene-d12 (I.S.)* 264 260, 265 5 330 


Phenacetin 108 179, 109 5 130 


Phenanthrene* 178 179, 176 5 6.67 


Phenanthrene-d10 (I.S.)* 188 94, 80 5 330 


Phenol* 94 65, 66 5 160 


Phenol-d6 (surr.)* 99 42, 71 5 330 


Pyrene* 202 101, 203 5 6.67 


Pyridine* 79 52, 50 20 160 


Terphenyl-d14 (surr.)*  244 122, 212   5 330 


           *Target Compound List                       I.S. = Internal Standard                               surr. = Surrogate   


1MQL are periodically evaluated, refer to the LIMS test code for current limits 


2Compound list may be expanded as long as all appropriate demonstration of capability criteria are met. 
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3) Definitions 


3.1 GC/MS: Gas Chromatograph/Mass Spectrometer  


3.2 Organic Free Water: De-ionized (DI) reagent water meeting purity characteristics of 
ASTM Type II laboratory distilled water (daily conductivity <1.0 umhos/cm).  


3.3 Decafluorotriphenylphosphine (DFTPP):  Chemical standard used to verify instrument 
tune parameters. 


3.4 Initial calibration verification (ICV):  A second source standard utilized to verify the 
accuracy of the initial calibration. 


3.5 Continuing calibration verification (CCV):  Calibration standard utilized to verify the 
accuracy of the established initial calibration.    


3.6 Laboratory Control Sample (LCS): An analyte-free matrix spiked with known 
concentrations of all target analytes. This is used to evaluate and document laboratory 
method performance. 


3.7 Matrix: The component or substrate (e.g., surface water, groundwater, soil) which 
contains the analyte of interest.  


3.8 Matrix Spike (MS): An aliquot of background sample spiked with a known 
concentrations of all target analytes. The spiking occurs prior to sample preparation 
and analysis. A matrix spike is used to assess the bias of a method in a given sample 
matrix.  


3.9 Matrix Spike Duplicate (MSD): A duplicate aliquot of the background sample spiked 
with a known concentrations of all target analytes. Spiking occurs prior to sample 
preparation and analysis. The MS/MSD pair are used to assess precision and bias of a 
method in a given sample matrix.  


3.10 Method Blank: An analyte-free matrix to which all reagents are added in the same 
volumes or proportions as used in sample processing. The method blank is carried 
through the complete sample preparation and analytical procedure. The method blank 
is used to document contamination resulting from the analytical process.  


3.11 Surrogate: An organic compound which is similar to the target analyte(s) in chemical 
composition and behavior in the analytical process, but which is not normally found in 
environmental samples.  


3.12 Sporadic Marginal Exceedance (SME):  Statistical probability that a set number of data 
points will fall outside the normal gaussian distribution curve when evaluated against a 
multi-component system. 


3.13 Extracted Ion Current Profile (EICP): A plot of ion abundance versus time or scan 
number. 


3.14 Limit of Quantitation (LOQ): The minimum levels, concentrations, or quantities of a 
target variable (e.g., target analyte) that can be reported with a specified degree of 
confidence. The LOQ is also referred to as the method quantitation limit (MQL) or the 
reporting limit (RL).  


3.15 Limit of Detection (LOD): an estimate of the minimum amount of a substance that an 
analytical process can reliably detect.  An LOD is analyte- and matrix-specific and may 
be laboratory-dependent. 


3.16 Method Detection Limit (MDL) study: the procedure, as described in 40CFR part 136, 
for determining the LOD based on statistical analysis of 7 low-level replicate spikes.  
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4) Health and Safety Warnings 


4.1 Lab Safety: Due to various hazards in the laboratory, safety glasses and laboratory 
coats or aprons must be worn at all times while in the laboratory.  In addition, gloves 
and a face shield should be worn when dealing with toxic, caustic, and/or flammable 
chemicals.   


4.2 Chemical Hygiene: The toxicity or carcinogenicity of each reagent used has not been 
precisely defined; however, each chemical used should be treated as a potential health 
hazard. Exposure to laboratory reagents should be reduced to the lowest possible 
level. The laboratory maintains a current awareness file of OSHA regulations regarding 
the safe handling of the chemicals specified in this method. A reference file of data 
handling sheets (MSDS) is available to all personnel involved in these analyses.   


4.3 Waste Management: The principal wastes generated by this procedure are the method-
required chemicals and standards. It is the laboratory's responsibility to comply with 
all federal, state, and local regulations governing waste management by minimizing 
and controlling all releases from fume hoods and bench operations. Compliance with 
all sewage discharge permits and regulations is required.  Laboratory procedures in 
SOP HN-SAF-001, Waste Disposal Procedures, must be followed. 


4.4 Pollution Prevention: The materials used in this method pose little threat to the 
environment when recycled and managed properly. The quantities of chemicals 
purchased should be based on the expected usage during its shelf life. Standards and 
reagents should be prepared in volumes consistent with laboratory use to minimize 
the volume of expired standards or reagents to be disposed.  


5) Cautions 


5.1 Routine preventative maintenance must be performed as scheduled and documented 
to assure optimum instrument performance. Refer to SOP HN-EQ-004, Preventative 
Maintenance for additional information. 


6) Interferences 


6.1 Organic compounds present in extraction solvents and glassware contamination in the 
laboratory account for the majority of contamination problems. The analytical system 
must be demonstrated to be free from contamination under the conditions of the 
analysis by running laboratory method and instrument blanks.  


6.2 Raw GC/MS data from all blank samples and spikes must be evaluated for 
interferences. Determine whether a source of interference is from a sample preparation 
and/or cleanup step, and perform required corrective action.   


6.3 Contamination by carry-over can occur whenever high-concentration and low-
concentration samples are sequentially analyzed. To reduce carryover, the sample 
syringe must be rinsed with solvent between sample injections.  Whenever an 
unusually concentrated sample is encountered, it should be followed by the analysis of 
solvent to check for cross-contamination.  


6.4 Matrix interferences may be caused by contaminants that are co-extracted from a 
sample. The extent of matrix interferences will vary considerably from source to 
source, depending upon the nature and diversity of the industrial complex or 
municipality being sampled.   
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6.5 Benzidine can be subject to oxidative losses during solvent concentration.  Care must 
also be taken to minimize active sites in the chromatographic system. 


6.6 Hexachlorocyclopentadiene may be subject to GC thermal decomposition, chemical 
reaction with acetone, and/or photochemical decomposition. 


6.7 N-nitrosodimethylamine is difficult to separate from the solvent front.  N-
nitrosodiphenylamine may decompose in the inlet system and may elute with 
diphenylamine 


6.8 Pentachlorophenol, 2,4-dinitrophenol, 4-nitrophenol, 4,6-dinitro-2-methylphenol, 4-
chloro-3-methylphenol, benzoic acid, 2-nitroaniline, 3-nitroaniline, 4-chloroaniline, and 
benzyl alcohol are subject to erratic behavior – especially if the chromatographic 
system is contaminated with high boiling material. 


6.9 Pyridine may perform poorly at the method documented GC injection port 
temperature. 


7) Personnel Qualifications and Responsibilities 


7.1 General Responsibilities - This method is restricted to use by or under the supervision 
of analysts experienced in the method. 


7.2 Analyst - It is the responsibility of the analyst(s) to: 


  
7.2.1 Each must read and understand this SOP and follow it as written. Any 


deviations or non-conformances must be documented and submitted to the 
QA Manager for approval.  


7.2.2 Produce method compliant data that meets all quality requirements using this 
procedure and the Data Reduction, Review and Validation SOP (HN-QS-009).  


7.2.3 Complete the required initial demonstration of proficiency before performing 
this procedure without supervision. 


7.2.4 Complete an ongoing demonstration of proficiency annually when continuing 
to perform the procedure. 


7.2.5 The analysts must submit data for peer or supervisor review. 


7.3 Section Supervisor - It is the responsibility of the section supervisor to: 


 
7.3.1 Ensure that all analysts have the technical ability and have received adequate 


training required to perform this procedure. 
7.3.2 Ensure analysts have completed the required initial demonstration of 


proficiency before performing this procedure without supervision.  
7.3.3 Ensure analysts complete an ongoing demonstration of proficiency annually 


when continuing to perform the procedure. 
7.3.4 Ensure analysts produce method compliant data that meet all quality 


requirements using this procedure and the Data Reduction, Review and 
Validation SOP.  


7.4 Project Manager - It is the responsibility of the Project Manager to ensure that all 
method requirements for a client requesting this procedure are understood by the 
laboratory prior to initiating this procedure for a given set of samples. 


7.5 QA Manager: The QA Manager is responsible for 


  
7.5.1 Approving deviations and non-conformances  
7.5.2 Ensuring that this procedure is compliant with method and regulatory 
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requirements,  
7.5.3 Ensuring that the analytical method and SOP are followed as written through 


internal method and system audits. 


8) Sample Collection, Handling, and Preservation 


8.1 Water samples are collected in 1-liter glass jars with Teflon-lined lids.  Aqueous 
samples must be extracted within 7 days of collection and stored at 4C until 
extraction.   


8.2 Soil samples are collected in glass jars with Teflon-lined lids. Solid samples must be 
extracted within 14 days of sample collection and stored at 4C until extraction.  


8.3 Water samples are prepared by separatory funnel extraction (method 3510C). The 
samples is first extracted at pH <2 and then extracted at a pH >11.  


8.4 Soil samples are extracted by method 3540C (soxhlet extraction), 3541 (automated 
soxhlet), or 3550 (ultrasonic extraction). 


8.5 Sample extracts shall be stored at 0-6 C in designated areas.  Sample extracts must be 
analyzed within 40 days of the extraction date. 


9) Equipment and Supplies 


9.1 Syringes: 10, 25, 50, 100, 500, 1000, 5000 ul. 


9.2 Volumetric Flasks, Class A: 10 ml and 25 ml.  


9.3 Analytical Balance: capable of measuring to nearest 0.0001 gram (0.1 milligram).  


9.4 Vials-amber glass with teflon-lined screw caps and/or crimp tops.   


9.5 Semi-Volatile Unit #1 (SMS4) = HP 6890 Series GC with HP 5973 MSD  


9.6 Semi-Volatile Unit #2 (SMS5) = Agilent 6890 GC with Agilent 5973 MSD  


9.7 GC Columns – Capable of resolving the compounds listed in Table 2.1 in section 2 of 
this SOP.  Silicone coated fused-silica capillary column - 30 meters long by 0.25 mm ID 
with a 0.25 μm film thickness. 


 
9.7.1 Restek RTx-5Sil-MS, Catalog # 12623-124.  
9.7.2 Zebron Semivolatiles 


9.8 Data System: A Windows computer system with Agilent Chemstation is interfaced with 
a mass spectrometer system to continuously acquire all mass spectra that is generated 
by the mass spectrometer during the chromatographic run. The data is electronically 
transferred to EnviroQuant for evaluation and archiving.  


9.9 Mass Spectrometer: HP/Agilent system capable of producing a mass spectrum that 
meets method tune criteria when 50ng of DFTPP (Sec 10.8) is injected.  


 


9.10 HP/Agilent GC/MS Operating Conditions (SMS4 & SMS5): The mass spectrometer is set 
at 70 electron volts and a scan range of 35-500 m/e. Injection volume = 1 ul.  


9.11 GC System Conditions for analysis are listed in table 9.11:   
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Table 9.11  - GC System Conditions 
System/Condition: SMS 4 (HP6890/5973) SMS 5, 6, 7 (Agilent7890/5975)  


Injector Temperature: 250oC 280oC 
MS Source Temp: 230oC 230oC 
MS Quad Temp: 150oC 150oC 


Transfer line Temp 280oC 320oC 
Helium carrier gas 


flow program rate: 
Mode: Pulsed Splitless 
Pulse Pressure: 30psi 
Pulse Time: 1.5 min 


Split Flow: 52.9 ml/min 
Split Time: 1.0 min 


Split Ratio: 54:1 
Post Pulse Flow: 0.9ml/min 


Mode: Pulsed Split 
Constant Flow: 1.4 min 
Split Flow: 14 ml/min 


Split Ratio: 10:1 
Post Pulse Flow: 0.9ml/min 


GC Temp Program :   
Initial GC Oven 40oC, hold 4.0 min. 40oC, hold 0.5 min. 


Oven Temp Rate 1: 200oC  @20oC /min. 260oC  @ 40oC /min., hold 0.5 
min. 


Oven Temp Rate 2: 325oC  @25oC /min. 295oC  @ 6oC /min., hold 1 min. 
Oven Temp Rate 3:  325°C @ 25°C/min. 
Oven Hold Time: 7 min 0.22 min 


10) Standards and Reagents 


10.1 Methylene Chloride - Pesticide grade or higher 


10.2 Methanol (MeOH) – Reagent grade or higher  


10.3 Stock Acid Surrogates @ 2000 ug/ml: Restek cat. #31025  


10.4 Stock BN Surrogates @ 1000 ug/ml: Chem Service BN Surrogate Std Mix, #CLP_2M 
       


SVOA Surrogates 
Surrogate Compound Fraction 


  
Phenol – d


6
 Acid 


2-Fluorophenol Acid 
2,4,6-Tribromophenol Acid 
Nitrobenzene-d


5
 Base – Neutral 


2-Fluorobiphenyl Base – Neutral 
p-Terphenyl-d


14
 Base – Neutral 


 


10.5 BNA Surrogate Mix @ 500 ug/ml 
 


10.5.1 Quantitatively transfer 1000 ul of the stock Acid surrogate mix (Section 10.3) 
to a clean amber vial 


10.5.2 Quantitatively transfer 2000 ul of the stock BN surrogate mix (Section 10.4) to 
the vial 


10.5.3 Quantitatively transfer 1000 ul of methylene chloride to the vial 
10.5.4 Label appropriately and store at -100C 
10.5.5 Replace every six months or if degradation is noted. 
10.5.6 The expiration date cannot exceed that of any parent mix. 


10.6 Stock Internal Standard Mix @ 4000 ug/ml: Restek cat. #31006 
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10.6.1 Stock SV Internal Standards, 4000 g/ml: Restek cat. #31006   


10.7 Stock Tuning Standard: DFTPP/Pentachlorophenol /Benzidine/4,4’-DDT @ 1000 ug/ml: 
Restek cat. #31615    


 
10.7.1 Intermediate Tuning Standard @ 50 ug/ml: 


 
10.7.1.1 Add 950 ul of methylene chloride to 50 ul stock standard in a 1 ml 


vial. 
10.7.1.2 This solution must be prepared fresh every 6 months or if 


degradation is noted.  The expiration date of this solution may not 
exceed that of its parent stock.  


10.8 SV Standards: Certified standards are purchased at typical concentrations of 1000 
ug/ml to 2000 ug/ml. Stock standards used to prepare calibration intermediates 
standards are typically prepared from several multi-component mixes that are 
purchased from a same vender, whose components are vender designed to build larger 
calibration mixes needed for most 8270 analyte list applications. Should certain 
calibration compounds co-elute to a point that mass resolutions cannot be adequately 
made, these compounds shall be separated during preparation and analysis during 
calibration procedures.  The following is a typical example of the Intermediate 
Calibration Standard  


 
10.8.1 Restek 3180-8270 Mega Mix (1000 ug/mL). 
10.8.2 Restek 31852-8270 Benzidines Mix #2 (2000 ug/mL). 
10.8.3 Restek 31879 Benzoic Acid (2000 ug/mL). 


10.9 Typical SV Intermediate Calibration Standard @ 200 ppm:   
 


10.9.1 This type of standard will cover the routine Target Analyte List noted in Table 
2.1.  Class A volumetric flasks must be used for volume measurements. 
Standards should be prepared in methylene chloride. Prepare a new 
intermediate standard every six months. 


 


Table 10.9 - SV Intermediate Calib. Standard @ 200 ppm  


Stock Name Stock 
Conc., ppm 


Amt Added, 
ml 


Final Volume, 
ml 


Final Conc. 
ppm 


Mix 1 1000 2.0  
10 


 


 
200 


 Mix 2 2000 1.0 


Mix 3 2000 1.0 


 


10.10 Initial and Continuing Working Calibration Standards: These standards are prepared at 
minimally six levels as follows using the intermediate standard prepared in Table 10.9. 
 


Standard 
Name 


Intermediate 
Std. @ ug/ml 


Amt  
ul 


Final 
Volume 


ml 


Final 
Conc. 
ug/ml 


BNA 
Surrogate 


ul 


Internal 
Standard 


ul 
Cal A 200 0.5 1.0 0.10 0.5 10 
Cal B 200 2.5 1.0 0.50 1 10 
Cal C 200 5 1.0 1.0 2 10 
 Cal D 200 25 1.0 5.0 10 10 
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Cal E 200 50 1.0 10.0 20 10 


Cal F 200 100 1.0 20.0 40 10 


Cal G 200 200 1.0 40.0 80 10 


 Cal H 200 250 1.0 50.0 100 10 


Cal I 200 300 1.0 60.0 120 10 
 


10.11 LCS Spike Stock Standards: Stock SV Analyte certified standards are purchased at 
typical concentrations of 1000 g/ml to 2000 g/ml. The following is a typical 
example for the preparation of the LCS Full List Intermediate Spike Standard  


 
10.11.1 8270 Mega Mix cat. #31850. 


 
10.11.2 LCS Spike Working Solution 
 


10.11.2.1 LCS Spike Working Solution @ 40 ug/ml 
 


10.11.2.1.1 Add 1 ml of the Mega Mix Stock (Section 10.11.1) to 
approximately 30 ml of 1:1 P&T methanol and methylene chloride 
in a 50 ml Class A volumetric flask. 


10.11.2.1.2 Bring to volume with 1:1 P&T methanol and methylene 
chloride. 


10.11.2.1.3 Transfer to an appropriately labeled container. 
10.11.2.1.4 Replace every 6 months or if degradation is noted.  The 


expiration date may not exceed that of its parent stock. 
   


10.11.3 Initial Calibration Verification (ICV) Standard:  A second source standard must 
be used to verify the accuracy of the initial calibration curve.  The following is 
a typical example of the ICV standard. 


 
10.11.3.1 ICV Stock Standards @ 2000 ug/ml and 1000 ug/ml 
 


10.11.3.1.1 Benzidine Mixture US-105N Ultra @ 2000 ug/ml in 
methanol. 


10.11.3.1.2 Custom Mix 20927270 Supelco @ 2000 ug/ml in 
methanol. 


10.11.3.1.3 CLP semivolatiles calibration mix Supelco @ 1000 ug/ml 
in 75:25 methylene chloride and benzene. 


 
10.11.3.2 ICV Working Standard @ 200 ug/ml 
 


10.11.3.2.1 Add 1 ml of 10.11.3.1.1 and 10.11.3.1.2, and 2 ml of 
10.11.3.1.3 stock standards to a 10ml Class A volumetric flask. 


10.11.3.2.2 Bring to volume with methylene chloride. 
10.11.3.2.3 Transfer to an appropriately labeled container. 
10.11.3.2.4 Replace every 6 months or if degradation is noted.  The 


expiration date may not exceed that of any of its parent stock. 
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10.12 Reagent Storage: Transfer the mixtures to multiple 1-mL glass vials with Teflon™-lined 
caps and store in the freezer at -10 °C.  Working standards should be prepared as 
needed from stocks. Stock standards should be replaced after 1 year or sooner if a 
manufacturer expiration date has been reached.  Prepared intermediate standards 
should be replaced every 6 months or sooner if a component expires sooner.   


10.13 Reagent Preparation Records: Record Stock Standards in the Chemical Inventory Log-
book and record all standards prepared in the Standard Preparation Logbook according 
to SOP HN-QS-001 (latest revision thereof). Label standards appropriately to ensure 
traceability and to provide for cross-referencing to other records. 


10.14 SV Surrogate Spiking Solution @ 100 ug/ml, Environmental Express #M0011 (tinted):  
This solution contains p-terphenyl-d14, 2-fluorobiphenyl, nitrobenzene-d5, phenol-d5, 
2,4,6-tribromphenol, and 2-fluorophenol. 


10.15 Storage temperatures 


 
10.15.1 All stock standards should be stored at the manufacturer’s temperature 


recommendations or at –100C. 
10.15.2 All calibration standards and tune standards should be stored at –100C. 
10.15.3 All sample extracts should be stored at 40C. 


11) Method Calibration 


11.1 Instrument Tune 
 


11.1.1 Inject 50 ng of DFTPP Tuning Mix (Section 10.7.1). The tuning criteria in Table 
11.1 must be achieved prior to analytical operations. This criterion must be 
demonstrated for every twelve-hours of operation.  


 
Table 11.1 – DFTPP tuning Criteria 


Mass M/z Abundance Criteria 


51 10-80% of mass 198 


68 Less than 2% of mass 69 present 


69 0-100% of mass 198 


70 Less than 2% of mass 69 present 


127 10-80 % of mass 198 


197 Less than 1% of mass 198 


198 Base peak, 100% relative abundance 


199 5-9% of mass 198 


275 10-60% of mass 198 


365 Greater than 1 % of mass 198 


441 Present but less than mass 443 


442  50-100% of mass 198 


443 15-24 percent of mass 442 
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11.1.2 When performing the above tune, the mass spectrum of DFTPP is acquired 
using the following approach: three scans (the peak apex scan and the scans 
immediately preceding and following the apex) are acquired and averaged. 
Background subtraction is required, and must be accomplished using a single 
scan acquired no more than 20 scans prior to the elution of DFTPP.  


11.1.3 The Tuning Mix also contains pentachlorophenol, benzidine, and DDT. 
Benzidine and pentachlorophenol are used to evaluate peak tailing. DDT is 
used to evaluate whether degradation to DDD and DDE is occurring.   


 
11.1.3.1 Tuning standard evaluation for benzidine:  
 


11.1.3.1.1 The calculated benzidine tailing factor should be < 2 and 
must be < 3.   


11.1.3.1.2 Perform column maintenance if the tailing factor does not 
meet criteria and repeat. 


 
11.1.3.2 Tuning standard evaluation for pentachlorophenol:  
 


11.1.3.2.1 The calculated pentachlorophenol tailing factor should be < 
2 and must be < 5.   


11.1.3.2.2 Perform column maintenance if the tailing factor does not 
meet criteria and repeat.  


 
11.1.3.3 Tuning standard evaluation for DDT:  
 


11.1.3.3.1 Degradation of DDT to DDE and DDD should not exceed 20 
%.  


11.1.3.3.2 Perform column maintenance if the degradation does not 
meet criteria and repeat. 


 
11.1.3.4 Document instrument tune criteria via a graphics hardcopy of the 


chromatogram and spectrum, a mass listing normalized to 198 = 
100%, and a copy of the tune form.  


11.1.3.5 Benzidine, pentachlorophenol, and degradation criteria must be 
achieved prior to proceeding with analysis. 


11.2 Initial Calibration  
 


11.2.1 At a minimum, five calibration solutions (six if quadratic modeling is used) 
containing both target compounds, surrogates, and internal standards shall 
be analyzed to document linearity of the instrument.  The lowest level of 
calibration must be at or below the established MRL/PQL, and the highest 
calibration level must encompass the reported analytical range.  The 
remaining calibrations solutions should be evenly spaced between the lowest 
and highest standards.  Initial calibration must be performed and verified 
prior to sample analysis.  The initial calibration must be completed within 12 
hours of the associated instrument tune check (Section 11.1). 


11.2.2 Relative response factors (RRF) and percent relative standard deviation (%RSD) 
for each target compound at each calibration level are tabulated and assessed 
against method criteria. Refer to Section 15 for calculation of the RRF and the 
RSD.  


11.2.3 System Performance Check Compounds: The compounds listed in Table 
11.2.3 are required to meet the minimum average RF values. These checks 
evaluate compound degradation and system.  
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Table 11.2.3 – Required RF limits 


Analyte 8270C RF 
Limits 


8270D RF 
Limits 


Internal Standard 


    
1,2,4,5-Tetrachlorobenzene  0.010 Acenaphthene-d10 
1,2,4-Trichlorobenzene   Napthalene-d8 
1,2-Dichlorobenzene   1,4-Dichlorobenzene-d4 
1,2-Dinitrobenzene   Not method defined, default to use closest IS 
1,2-Diphenylhydrazine   Not method defined, default to use closest IS 
1,3-Dichlorobenzene   1,4-Dichlorobenzene-d4 
1,3-Dinitrobenzene   Not method defined, default to use closest IS 
1,4-Dichlorobenzene   1,4-Dichlorobenzene-d4 
1,4-Dinitrobenzene   Not method defined, default to use closest IS 
1,4-Naphthoquinone   Not method defined, default to use closest IS 
1,4-Phenylenediamine   Not method defined, default to use closest IS 
1-Chloronaphthalene   Acenaphthene-d10 
1-Napthylamine   Acenaphthene-d10 
2,3,4,6-Tetrachlorophenol  0.010 Acenaphthene-d10 
2,4,5-Trichlorophenol  0.200 Acenaphthene-d10 
2,4,6-Trichlorophenol  0.200 Acenaphthene-d10 
2,4-Dichlorophenol  0.200 Napthalene-d8 
2,4-Dimethylphenol  0.200 Napthalene-d8 
2,4-Dinitrophenol  0.010 Acenaphthene-d10 
2,4-Dinitrotoluene  0.200 Acenaphthene-d10 
2,6-Dichlorophenol   Napthalene-d8 
2,6-Dinitrophenol   Not method defined, default to use closest IS 
2,6-Dinitrotoluene  0.200 Acenaphthene-d10 
2-Acetylaminofluorene   Not method defined, default to use closest IS 
2-Chloronaphthalene  0.800 Acenaphthene-d10 
2-Chlorophenol  0.800 1,4-Dichlorobenzene-d4 
2-Methylnapthalene  0.400 Napthalene-d8 
2-Methylphenol  0.700 1,4-Dichlorobenzene-d4 
2-Naphthylamine   Acenaphthene-d10 
2-Nitroaniline  0.010 Acenaphthene-d10 
2-Nitrophenol  0.100 Napthalene-d8 
2-Picoline   1,4-Dichlorobenzene-d4 
3,3'-Dichlorobenzidine  0.010 Chrysene-d12 
3,3'-Dimethoxybenzidine   Not method defined, default to use closest IS 
3,3'-Dimethylbenzidine   Not method defined, default to use closest IS 
3-Methylphenol   Not method defined, default to use closest IS 
3-Nitroaniline*  0.010 Acenaphthene-d10 
4,6-Dinitro-2-methylphenol  0.010 Phenanthrene-d10 
4-Aminobiphenyl   Phenanthrene-d10 
4-Bromophenyl phenyl ether  0.100 Phenanthrene-d10 
4-Chloro-3-methylphenol  0.200 Napthalene-d8 
4-Chloroaniline  0.010 Napthalene-d8 
4-Chlorophenyl phenyl ether  0.400 Acenaphthene-d10 
4-Methylphenol  0.600 1,4-Dichlorobenzene-d4 
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4-Nitroaniline  0.010 Acenaphthene-d10 
4-Nitrophenol  0.010 Acenaphthene-d10 
5-Nitro-o-toluidine   Not method defined, default to use closest IS 
7,12-Dimethylbenz(a)anthracene   Perylene-d12 
2,4-Dinitrophenol 0.050 0.010 Acenaphthene-d10 
4-Nitrophenol 0.050 0.010 Acenaphthene-d10 
Acenaphthene  0.900 Acenaphthene-d10 
Acenaphthylene  0.900 Acenaphthene-d10 
Acetophenone  0.010 Not method defined, default to use closest IS 
Aniline  0.010 Not method defined, default to use closest IS 
Anthracene  0.700 Phenanthrene-d10 
Aramite  0.010 Not method defined, default to use closest IS 
Atrazine  0.010 Not method defined, default to use closest IS 
Benz(a)anthracene  0.800 Chrysene-d12  
Benzaldehyde  0.010 Not method defined, default to use closest IS 
Benzenethiol  0.010 Not method defined, default to use closest IS 
Benzidine  0.010 Not method defined, default to use closest IS 
Benzo(a)pyrene  0.700 Perylene-d12 
Benzo(b)fluoranthene  0.700 Perylene-d12 
Benzo(e) pyrene  0.010 Not method defined, default to use closest IS 
Benzo(g,h,I)perylene  0.500 Perylene-d12 
Benzo(k)fluoranthene  0.700 Perylene-d12 
Benzoic acid  0.010 Not method defined, default to use closest IS 
Benzyl alcohol  0.010 Not method defined, default to use closest IS 
Bis(2-chloroethoxy)methane  0.300 Napthalene-d8 
Bis(2-chloroethyl)ether  0.700 1,4-Dichlorobenzene-d4 
Bis(2-chloroisopropyl)ether  0.010 1,4-Dichlorobenzene-d4 
Bis(2-ethylhexyl)phthalate  0.010 Chrysene-d12  
Butyl benzyl phthalate  0.010 Chrysene-d12  
Caprolactam  0.010 Not method defined, default to use closest IS 
Carbazole  0.010 Not method defined, default to use closest IS 
Chlorobenzilate  0.010 Not method defined, default to use closest IS 
Chlorothalonil  0.010 Not method defined, default to use closest IS 
Chrysene  0.700 Chrysene-d12  
Dacthal  0.010 Not method defined, default to use closest IS 
Di-n-butyl phthalate  0.010 Phenanthrene-d


10
  


Di-n-octyl phthalate  0.010 Perylene-d12 
Diallate  0.010 Not method defined, default to use closest IS 
Dibenz(a,h)acridine  0.010 Not method defined, default to use closest IS 
Dibenz(a,h)anthracene  0.400 Perylene-d12 
Dibenz(a,j)acridine  0.010 Not method defined, default to use closest IS 
Dibenzofuran  0.800 Acenaphthene-d10 
Diethyl phthalate  0.010 Acenaphthene-d10 
Dimethoate  0.010 Not method defined, default to use closest IS 
Dimethyl phthalate  0.010 Acenaphthene-d10 
Dinoseb  0.010 Not method defined, default to use closest IS 
Diphenylamine  0.010 Phenanthrene-d


10
  


Diphenyl ether  0.010 Not method defined, default to use closest IS 
Ethyl parathion  0.010 Not method defined, default to use closest IS 
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Ethyl methacrylate  0.010 Not method defined, default to use closest IS 
Ethyl methanesulfonate  0.010 Not method defined, default to use closest IS 
Famphur  0.010 Not method defined, default to use closest IS 
Fluoranthene  0.600 Phenanthrene-d


10
  


Fluorene  0.900 Acenaphthene-d10 
Hexachlorobenzene  0.100 Phenanthrene-d10 
Hexachlorobutadiene  0.010 Napthalene-d8 
Hexachlorocyclopentadiene 0.050 0.050 Acenaphthene-d10 
Hexachloroethane  0.300 1,4-Dichlorobenzene-d4 
Hexachlorophene  0.010 Not method defined, default to use closest IS 
Hexachloropropene  0.010 Not method defined, default to use closest IS 
Indeno(1,2,3-cd)pyrene  0.500 Perylene-d12 
Indene  0.010 Not method defined, default to use closest IS 
Isodrin  0.010 Not method defined, default to use closest IS 
Isophorone  0.400 Napthalene-d8 
Isophthalonitrile  0.010 Not method defined, default to use closest IS 
Isosafrole  0.10 Not method defined, default to use closest IS 
Kepone  0.010 Not method defined, default to use closest IS 
Methapyrilene  0.010 Not method defined, default to use closest IS 
Methyl methanesulfonate  0.010 Not method defined, default to use closest IS 
Methyl parathion  0.010 Not method defined, default to use closest IS 
N-Nitroso-di-n-butylamine  0.010 Not method defined, default to use closest IS 
N-Nitrosodi-n-propylamine 0.050 0.500 1,4-Dichlorobenzene-d4 
N-Nitrosodiethylamine  0.010 Not method defined, default to use closest IS 
N-Nitrosodimethylamine  0.010 1,4-Dichlorobenzene-d4 
N-Nitrosodiphenylamine  0.010 Phenanthrene-d10 
N-Nitrosomethylethylamine  0.010 Not method defined, default to use closest IS 
N-Nitrosomorpholine  0.010 Not method defined, default to use closest IS 
N-Nitrosopiperidine  0.010 Not method defined, default to use closest IS 
N-Nitrosopyrrolidine  0.010 Not method defined, default to use closest IS 
Naphthalene  0.700 Napthalene-d8 
Nitrobenzene  0.200 Napthalene-d8 
O,O,O-Triethylphosphorothioate  0.010 Not method defined, default to use closest IS 
o-Toluidine  0.010 Not method defined, default to use closest IS 
p-Dimethylaminoazobenzene  0.010 Not method defined, default to use closest IS 
p-Phenylenediamine  0.010 Not method defined, default to use closest IS 
Pentachlorobenzene  0.010 Not method defined, default to use closest IS 
Pentachloroethane  0.010 Not method defined, default to use closest IS 
Pentachloronitrobenzene  0.010 Not method defined, default to use closest IS 
Pentachlorophenol  0.050 Phenanthrene-d10 
Phenacetin  0.010 Not method defined, default to use closest IS 
Phenanthrene  0.700 Phenanthrene-d10 
Phenol  0.800 1,4-Dichlorobenzene-d4 
Pronamide  0.010 Not method defined, default to use closest IS 
Pyrazole  0.010 Not method defined, default to use closest IS 
Pyrene  0.600 Chrysene-d12  
Pyridine  0.010 Not method defined, default to use closest IS 
Quinazoline  0.010 Not method defined, default to use closest IS 
Quinoline  0.010 Not method defined, default to use closest IS 
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Safrole  0.010 Not method defined, default to use closest IS 
Sym-Trinitrobenzene  0.010 Not method defined, default to use closest IS 
Tetraethyldithiopyrophosphate  0.010 Not method defined, default to use closest IS 
Thionazin  0.010 Not method defined, default to use closest IS 
Nitrobenzene-d


5
 (surr.)  0.200 Napthalene-d8 


Phenol-d
6
 (surr.)  0.800 1,4-Dichlorobenzene-d4 


2,4,6-Tribromophenol (surr.)  0.800 Acenaphthene-d10 
2-Fluorobiphenyl (surr.)  0.010 Acenaphthene-d10 
2-Fluorophenol (surr.)  0.010 1,4-Dichlorobenzene-d4 
Terphenyl-d


14
 (surr.)   0.010 Chrysene-d


12
  


 
11.2.4 Linearity 


 
11.2.4.1 The %RSD from the initial calibration must be < 20% for a target 


compound if average response factor is to be used. 
11.2.4.2 If linear regression or quadratic calibration is used, the correlation 


coefficient “r” must be > 0.995 or the coefficient of determination 
“r2” must be > 0.99.  The use of quadratic calibration requires six 
calibration points at a minimum. 


11.2.4.3 Upon compounds passing calibration criteria with designated curve 
options, up to 10% of the compounds may exceed 20% RSD and r > 
0.995 or “r2” > 0.99, provided that the %RSD < 30%. 


 
11.2.5 Initial Calibration Verification 
 


11.2.5.1 Upon completion of the initial calibration, the curve must be 
verified by analysis of a second source calibration standard falling 
at or near the approximate mid-point of the curve. 


11.2.5.2 For Wisconsin specific analytes using a second-order regression, a 
second, higher level verification must be processed. 


11.2.5.3 All analytes must be within 30% of the true value when quantitated 
against the calibration curve, and the RRFs must meet the criteria 
listed in Table 11.2.3. 


11.3 Retention Time Windows 
 


11.3.1 Retention Time Windows 
 


11.3.1.1 Record the retention time (RT) of each analyte peak. 
11.3.1.2 Calculate the mean RT and standard deviation (SD) for each peak. 
11.3.1.3 The RT Window for each analyte is defined at + 3 times the SD 


around the mean RT. 
11.3.1.4 If the SD of the RT is 0, a default value of 0.03 minutes should be 


used to define the window. 
11.3.1.5 For closely eluting peaks, the analyst may narrow the RT window 


documented in the ChemStation Quant ID file in order to minimize 
false detects. 


11.4 Calibration Verification 
 


11.4.1 A continuing calibration standard at the mid-point of the calibration curve 
must be analyzed at the beginning of each 12-hour analytical period following 
the instrument tune check and prior to sample analysis. 
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11.4.2 The continuing calibration standard should be prepared from the same stock 
used for the initial calibration curve. 


11.4.3 For Wisconsin specific analytes using a second-order regression, a second, 
higher level verification must be processed. 


11.4.4 Acceptance Criteria 
 


11.4.4.1 RFs for the CCV are compared to the average RFs in the initial 
calibration, and evaluated against the minimum RFs in Table 
11.2.3.  


11.4.4.2 For each analyte and surrogate using average response factor, the 
percent difference (%D) between the mean RF as established by the 
initial calibration and the continuing calibration RF must be < 20%. 


11.4.4.3 For analytes using an alternate fit (linear, quadratic), the % drift 
must be calculated, and must be < 20%. 


11.4.4.4 Up to 20% of the compounds in the calibration verification may 
exceed the 20%, but must be < 40%.  This exception does not apply 
to compounds detected above the MDL in associated samples. 


11.4.4.5 Retention times of the internal standards must be within 30 
seconds of those in the mid-level standard of the most recent initial 
calibration. 


11.4.4.6 Areas of the internal standards must fall within 50-200% of those 
established by the mid-level standard of the most recent initial 
calibration. 


11.4.4.7 For analytes using linear regression, the lowest calibration point 
should be reprocessed against the curve.  The recalculated 
concentration should be within 30% of the true concentration. 


11.4.4.8 If any of the above criteria are not meet, corrective action must be 
taken to improve instrument performance.  Analytical results 
associated with failed acceptance criteria in Sections 11.1, 11.2, 
and/or 11.4 may not be reported. 


12) Sample Preparation/Analysis 


12.1 Sample Preparations:  
 


12.1.1 For aqueous samples, refer to SW846-3510C as documented in SOP HN-EXT-
001, Liquid-Liquid Extraction (Separatory Funnel).  


12.1.2 For solid/soil samples, refer to SW846-3540C as documented in SOP HN-EXT-
002, Soxhlet Extraction of Solid Samples, SW846-3541 as documented in HN-
EXT-003, Automated Soxhlet Extraction, or SW846-3550 as documented in 
HN-EXT-013, Ultrasonic Extraction. 


12.1.3 Samples extracts shall be stored at 40C in the designated SVOA refrigerator 
pending analysis. 


12.2 Sample Extract Analysis  
 


12.2.1 Analysis of sample extracts may begin once criteria specified in Section 11 
have been achieved. 


 
12.2.2 Internal Standard Addition:  


 
12.2.2.1 Allow sample extracts to warm to room temperature.  
12.2.2.2 Add 10 ul of 4000 ug/ml internal standard (see 10.6).  
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12.2.2.3 Cap the extract vial, and invert the sample vial several times to mix.  
12.2.2.4 Proceed with analysis.  


 
12.2.3 When the analysis is complete, verify that the internal standards, surrogates, 


and compounds of interest are properly identified and quantified, and that the 
surrogate recoveries are within the acceptable range for the sample type.  


12.2.4 If the response for any quantitation ion exceeds the initial calibration curve 
range of the GC/MS system, extract dilution must take place.  


 
12.2.4.1 Additional internal standard is added to the diluted extract to 


maintain the required 40 ug/ml of each internal standard in the 
extracted volume.  


 
12.2.5 When a compound has been identified, the quantitation of that compound will 


be based on the integrated abundance from the EICP of the primary 
characteristic ion.  


12.3 Qualitative Analysis (including Tentatively Identified Compounds or TICs)  
 


12.3.1 Comparing the spectrum and retention time of the compound with that of an 
established standard performs analyte identification.  


 
12.3.1.1 The sample analyte RT must be within + 0.06 RRT units of the RT of 


the current standard analyzed.  
12.3.1.2 For mass spectra comparisons, all ions in the standard spectrum at 


an intensity of >30% (>10% for TICS) relative to the most abundant 
ion must be present in the sample spectrum.   


12.3.1.3 The above qualifying ions must agree within ±20%. 
 


12.3.2 Structural isomers that produce very similar mass specta should be identified 
as individual isomers if they have sufficiently different retention times.  
Sufficient resolution is achieved if the height of the valley between the two 
isomer peaks is less than 50% of the average of the two peak heights. 


12.3.3 When requested, a library search will be performed on each sample to identify 
any components not matched to calibration standard spectra. This search is 
performed using the Wiley Mass Spectral Library or the ChemStation NIST 
library.  The analyst will report the 10 largest unknown peaks with a 
correlation of > 80%.  The analyst reviewing the library search results makes 
final determination, and if no adequate match can be determined, the 
compound is reported as an UNKNOWN.  


12.4 Quantitative Analysis: 
 


12.4.1 The internal standard method is used for quantitation of target compounds 
identified and uses the appropriate ion area for all determinations. 


12.4.2 Sample concentrations exceeding the upper calibration limit must be diluted 
and reanalyzed. 


12.4.3 All quantitation must be conducted relative to the current initial calibration.  
12.4.4 When target analytes are detected and are affected by co-eluting peaks that 


interfere with reliable quantitation, the sample extract should be diluted and 
reanalyzed or alternatively, the reported data shall be flagged as “estimated”. 


13) Troubleshooting 







SVOCs by 8270C/D - 625 
 HN-SMS-001-R07 
 Effective: 09/09/2015 
 Page 21 of 33 


R I G H T 	 S O L U T I O N S 	 | 	 R I G H T 	 P A R T N E R 	


STANDARD OPERATING PROCEDURE 


13.1 Refer to Agilent GC-MS hardware manual for specific technical guidance. 


14) Data Acquisition  


14.1 Data is collected with "Chemstation" data acquisition software.   


14.2 EnviroQuant data processing software converts the acquired signal information from 
“Chemstation” into concentration data.  


14.3 LIMS receives the processed data in its data entry module and links the data to the 
samples in a specific work order.  The QC batch data is also linked to the data.  


15) Calculation, and Data Reduction Requirements 


15.1 Initial Calibration (ICAL) Calculations (RRF and RSD): Calculate the average relative 
response factor (Ave. RRF or Ave.RF) for each compound across the five or more 
calibration concentrations using the below equations:  


 
  RF  =  Ax x Cis 
                      Ais x Cx 
    Where: 
      A


x
 = Area of the characteristic ion for the compound being measured. 


      A
is
 = Area of the characteristic ion for the specific internal standard. 


      C
is
 = Concentration of the specific internal standard. 


     C
x
 = Concentration of the compound being measured. 


 


15.2 Percent Relative Standard Deviation (% RSD): Calculate the %RSD(s) for each compound 
as follows:  


 100 x 
x


SD
 = %RSD  


    Where: 
     RSD = relative standard deviation. 
     _ 
     x = mean of Response factors (Rfs). 


   SD = standard deviation of average Rfs. 


15.3 Continuing Calibration  
 


15.3.1 Calculation of % drift (regression model curve fits) by using the following 
formula:   


 
% Drift= [(Calculated conc - Theoretical conc) x 100] / Theoretical conc 


 
15.3.2 Percent difference (response factor calibration fit) is calculated as follows: 


   100 x 
RRf


RRf - RRf
 = Difference Percent


I


CI  


  ____ 
  RRfi = average relative response factor from the initial calibration 
 
  RRF


C
 = response factor from current verification check standard 
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15.4 Analyte Calculations, aqueous samples:   
 


)V( )(RRF)A(


d)V( )I)(A(
 = (ug/l) ionconcentrat


ois


tsx )(


 


  Where: 
A


x
 = Area of characteristic ion for compound being measured. 


  I
s
 = Amount of internal standard (ug). 


V
t
 = Volume of total extract in ml  


  A
is
 = Area of the characteristic ion for the specific internal standard. 


            RRF = Relative Response factor for compound being measured. 
  V


o
 = Volume of water extracted in L 


 d = Dilution factor 


15.5 Analyte Calculations, soil or solid waste samples:     
 


                        


)W)(RRF)(A(


d)V)(I)(A(
 = (ug/kg) ionConcentrat


is


tsx


s


)(
 


  A
x
, I


s
, A


is
, RRF, V


t, 
and d


 
 = same as for water. 


  W
s
 = weight of sample extracted (g).  The wet weight or dry weight may be  


used, depending upon the specific applications of the data.  
 


15.5.1 The analyst must know how to use the above equations. The equations are 
necessary tools for troubleshooting calibration files, ID files, and acquired 
data files. The sample concentration is quantified and a report generated 
utilizing computer software.    


15.5.2 The equations used for calculating concentrations of TICs are the same as 
those used for target compounds with the following modifications: peak areas 
are derived from the total ion instead of the extracted ion, and a RRF of 1 is 
assumed. TIC concentrations are always reported as estimated values and 
have an associated data qualifier reported.  


15.6 QC Calculations:  LIMS calculates the percent recovery for various QC samples (MS, 
MSD, LCS) according to the following equations: 


  
15.6.1 Surrogate Recovery: Sample, matrix spike/matrix spike duplicate, duplicate, 


and blank samples are all spiked with surrogates prior to extraction. The 
surrogate percent recoveries in these samples should fall into the ranges 
specified in the method for soil and water samples. If surrogate recoveries fall 
outside these limits, check for errors in calculations, split peaks, or standard 
solution degradation. Re-analyze the sample if no apparent problems exist. If 
the recoveries for the re-analyzed sample are within the ranges, report only 
the re-analysis.  If recoveries are out again, report both analyses.  


 
15.6.1.1 Surrogate percent recovery is calculated as follows: 
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Where: 
SurrSR = Surrogate Spiked Sample Result (mg/L or mg/kg). 
SurrSA   = Surrogate Spike Amount Added (mg/L or mg/kg). 
 


15.6.2 % Recovery, %R (for MS and MSD Samples) 


Where: 
SSR = Spiked Sample Result (mg/L or mg/kg). 
SR   = Sample Result (unspiked). 
SA   = Spike Amount Added (mg/L or mg/kg). 
 


15.6.3 % Recovery, %R (for standards and LCS) 


Where: 
SSR = Spiked Sample Result (mg/L or mg/kg). 
SA   = Spike Amount Added (mg/L or mg/kg). 
 


15.6.4 RPD (for precision or duplicate evaluation) 


Where: 
SR


1
 = Sample result for duplicate 1. 


SR
2
 = Sample result for duplicate 2. 


16) Quality Control, Acceptance Criteria and Corrective Action 


16.1 Instrument (DFTPP) Tuning:  
 


16.1.1 Perform at the beginning of each analytical run or every 12 hours whichever 
comes first. 


16.1.2 All criteria specified in Section 11.1 (Table 11.1) must be achieved prior to 
continued analysis. 


16.1.3 If acceptance criteria are not achieved, discontinue operation, perform any 
necessary instrument maintenance and reanalyze. All samples associated with 
a failed instrument tune must be reanalyzed after corrective action has been 
performed.      


16.2 Initial Calibration:  
 


16.2.1 A new initial calibration must be generated when CCV criteria are not met, 
after major instrument maintenance, or after changes in operating conditions. 


 


  100
SRSR½


SRSR
RPD


21


21 







 
100


SA


SRSSR
R% 






 
100
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SSR
R% 


 
100% 


SurrSA


SurrSR
R







SVOCs by 8270C/D - 625 
 HN-SMS-001-R07 
 Effective: 09/09/2015 
 Page 24 of 33 


R I G H T 	 S O L U T I O N S 	 | 	 R I G H T 	 P A R T N E R 	


STANDARD OPERATING PROCEDURE 


16.2.1.1 All analytical runs utilized in establishment of the initial calibration 
curve must clearly document and provide for the traceability of the 
associated standard used. 


16.2.1.2 Upon establishment of a new initial calibration curve, the 
associated method (w/calibration) must be uniquely identified such 
that subsequent analyses utilizing the calibration can be clearly 
identified. 


 
16.2.2 Acceptance Criteria:  
 


16.2.2.1 Initial calibration curve must have 5-points minimally for all 
analytes; six points are required for second order curve fits.  


16.2.2.2 Analytes must meet minimum RF requirements (Table 11.2.3).  
16.2.2.3 Target Analytes: 
 


16.2.2.3.1 Target analyte must have a %RSD < 15% or, 
16.2.2.3.2 Linear regression generates r >0.995 for analyte or, 
16.2.2.3.3 Quadratic regression generates r2 > 0.990. 


 
16.2.3 Corrective Action:  
 


16.2.3.1 Check standard integrity, verify analytical calculations, and perform 
any necessary instrument maintenance. 


16.2.3.2 Repeat the initial calibration sequence. 
16.2.3.3 All samples associated with a failed initial calibration must be 


reanalyzed. 
16.2.3.4 Individual data points for a specific analyte may be dropped from 


the top or the bottom of the curve. 
16.2.3.5 A data point may be removed from within the curve as long as it is 


removed for all of the analytes. 


16.3 Initial Calibration Verification (ICV):  
 


16.3.1 Perform an ICV upon completion of each new initial calibration curve. 
 


16.3.1.1 The ICV analysis must clearly document, and provide for the 
traceability of, the associated standard used. 


 
16.3.2 The ICV must utilize a second source supplier. 
16.3.3 The ICV must be at or near the mid-point of the calibration curve. 
16.3.4 ICV results must meet accuracy performance criteria within 70-130% of the 


expected value as outlined in the applicable LIMS test code. 
16.3.5 Corrective action: 


 
16.3.5.1 Evaluate standard integrity, verify analytical calculations, and/or 


perform any needed system maintenance.  
16.3.5.2 Repeat the ICV analysis. 
16.3.5.3 If the subsequent ICV fails to achieve acceptance criteria, perform a 


new initial calibration. 
16.3.5.4 All samples associated with a failed ICV must be reanalyzed. 


   


16.4 Continuing Calibration Verification (CCV):  
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16.4.1 The calibration standard must be run prior to sample analysis and every 12 
hours thereafter.  


 
16.4.1.1 The CCV analyses must clearly document and provide for the 


traceability of the associated standard used. 
 


16.4.2 Acceptance Criteria:  
 


16.4.2.1 All analytes must meet minimum RF criteria (Table 11.2.3). 
16.4.2.2 All analytes must meet accuracy performance criteria within 80-


120% of the expected value as outlined in the applicable LIMS test 
code. 


 
16.4.3 Corrective Action: 
 


16.4.3.1 Verify standard integrity, verify analytical calculations, and perform 
any needed instrument maintenance. 


16.4.3.2 Repeat the CCV analysis. 
16.4.3.3 If the subsequent CCV fails to achieve acceptance criteria, perform 


a new initial calibration. 
16.4.3.4 All samples associated with a failed CCV must be reanalyzed. 


16.5 Method Blank: 
 


16.5.1 Analyze a method blank at a frequency of one per analytical batch (per matrix) 
of 20 or less samples. If the method blank indicates contamination, analyze an 
instrument blank to demonstrate that the contamination is not a result of 
carryover from standards or samples. 


16.5.2 Acceptance Criteria: All analytes of interest should be less than ½ the MRL and 
must be less than MRL.  


 
16.5.2.1 Other approved QA program requirements must be followed when 


the acceptable blank contamination specified in the approved 
quality assurance project plan differs from the above.  


16.5.2.2 Analytical results associated with blank contamination may be used 
if analytes of interest are less than 5% of the regulatory limit 
associated with the analyte or analytes of interest are less than 5% 
of the sample result for the same analyte, whichever is greater.  


 
16.5.3 Corrective Action:  
 


16.5.3.1 If the method blank fails to achieve acceptance criteria, take 
corrective action to locate/eliminate the source of the 
contamination and re-extract/re-analyze all samples associated with 
the failed blank. 


16.5.3.2 If samples cannot be re-run due to insufficient sample or other 
circumstances, the anomaly must be documented on the associated 
data checklist and, if applicable, a NCR/CAR submitted to QA per 
HN-QS-003. 


16.5.3.3 Data reported with an associated contaminated method blank must 
be flagged with a “B”.  


16.6 Laboratory Control Sample (LCS):  
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16.6.1 The LCS must be processed with each batch per matrix of 20 samples or less.  
All samples in the batch must be processed on the same day.   


16.6.2 LCS samples shall be spiked with all specified analytes (see Section 21, 
Attachments).  


16.6.3 Acceptance Criteria: 
 


16.6.3.1 Must meet accuracy criteria as outlined in the LIMS test code. 
 
16.6.4 Corrective Action: 
 


16.6.4.1 If the LCS recovery fails to achieve acceptance criteria, the sample 
batch must be re-extracted and re-analyzed. If reprocessing it is not 
possible due to lack of sample or expired hold time, reported 
analytes must be flagged as to probable bias and narrated. 


16.7 Matrix Spike and Matrix Spike Duplicate  
 


16.7.1 The MS/MSD pair must be performed at a frequency per batch per matrix of 
20 samples or less. 


16.7.2 Unless project specified, MS/MSD samples shall be randomly selected and 
rotated among projects/clients. 


16.7.3 MS/MSD samples shall be spiked with all specified analytes (see Section 21, 
Attachments).  


16.7.4 Acceptance Criteria:  
 


16.7.4.1 Must meet accuracy and precision criteria as outlined in the LIMS 
test code. 


16.7.4.2 If the MS/MSD native concentration is greater than four times the 
spiking level, the acceptance criteria should be considered advisory. 
  


16.7.5 Corrective Action: 
 


16.7.5.1 If MS/MSD recoveries are outside acceptance criteria, the anomaly 
may be due to matrix effects.  Surrogate recoveries and LCS results 
must be evaluated in order to determine if matrix bias is probable.  
If associated QC parameters indicate a probable matrix affect, 
sample results may be reported but must be flagged.  


16.7.5.2 If MS/MSD acceptance criteria are not achieved and matrix 
interference is not apparent (i.e., systemic error), all associated 
samples must be re-extracted and analyzed.  If re-analysis cannot 
be completed, all results must be qualified accordingly. 


16.8 Surrogates 
 


16.8.1 Surrogates must be added to all samples prior to the extraction process and 
used in the evaluation process. 


16.8.2 Acceptance Criteria: 
 


16.8.2.1 Surrogate recovery for interference free matrices and project 
sample matrices must fall within the following criteria: 


 
16.8.2.2 Must meet accuracy criteria as outlined in the LIMS test code. 
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16.8.3 Corrective Action: 
 


16.8.3.1 All samples associated with failed surrogate recovery in an 
interference free matrix must be re-extracted and analyzed.  If 
reanalysis cannot be completed, all associated samples must be 
flagged as to possible bias and narrated accordingly. 


16.8.3.2 All project sample matrices with failed surrogate recovery must be 
thoroughly reviewed.  If recovery failure can be reasonably based 
upon matrix affects, high dilution, etc, initiate a non-conformance 
report and flag/report sample results.  If no reasonable explanation 
is present for the failure, re-extract and analyze all associated 
samples. 


16.9 Internal Standards:  
 


16.9.1 Internal standards must be added to all samples prior to analysis.  
16.9.2 Acceptance Criteria:  
 


16.9.2.1 The IS retention time widow must be + 30 seconds from the 
associated twelve (12) hour midpoint daily calibration standard  


16.9.2.2 The IS areas should not differ from the associated twelve (12) hour 
midpoint daily calibration standard by more than a factor of two (50 
% to 200 %)   


 
16.9.3 Corrective Action: 
 


16.9.3.1 If the internal standards do not achieve acceptance criteria, the 
sample(s) must be rerun as confirmation of matrix affect.  If the 
rerun does not confirm a matrix effect, review the calculations and 
check for error.  If no errors are found, or if a sample cannot be re-
extracted, initiate a non-conformance report flag the sample(s) 
accordingly, and narrate as to possible bias. 


 
16.9.4 NOTE:  Several sample types exhibit matrix effects that make recovery of the 


internal standards and surrogates very difficult. These samples must be run at 
a dilution to achieve acceptable criteria.  However, if target compounds are 
present in undiluted runs with failing QC (surrogates or internal standards) 
and are diluted out to achieve passing QC, it may be necessary to report the 
undiluted analyses with data qualifier flags and an appropriate discussion 
within the case narrative by project management.  


16.10 Deviations and non-conforming events must be documented using a Nonconformance 
Corrective Action Report (NCAR) or as an Exception Report item on the laboratory 
review checklist. For mandatory QC failures (e.g. LCS), the NCAR must be submitted to 
the QA Manager via the NCAR database. 


17) Data Records Management 


17.1 All data is stored both electronically and hard copy for 10 years. 


17.2 All analytical sequence IDs and standard preparation information must be recorded in 
the Run logbook. Hardcopy computer printouts of analytical sequences and raw data 
must be retained and initialed by the analyst (electronic initials are acceptable). To 
simplify standard tracking, analyst must attempt to use one lot of reagents and 
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standards with each batch. 


17.3 Complete all pertinent sections in the respective logbooks.  If not-applicable then line 
out the section.  “Z” out or “X” out all large sections of the worksheet that are not used. 
Make all corrections with single line through, date and initial. Make NO obliterations 
when manually recording data.  


17.4 Logbooks are controlled. Never remove a page from a logbook. Completed logbooks 
are returned to the QA department when filled and no longer needed in the work area. 


17.5 The effective date of this SOP is the date in the header or last signature date, 
whichever is most recent. 


18) Contingencies for Handling Out of Control Data 


18.1 When method required QC exceedances occur, in every case where sample data quality 
are affected, the source of the QC exceedance must be determined, corrected and 
sample reanalysis carried out when possible.  


18.2 When affected sample analysis can not be repeated due to limitations (i.e. sample 
availability, or if reanalysis can only be performed after expiration of a sample hold 
time), the reporting of data associated with exceeded QC data must be appropriately 
flagged and narrated.  This documentation is necessary to define for the data user the 
effect of the error has upon the data quality of the results reported (e.g. E flag data 
indicate the result to be only an estimate).   


18.3 All analysts must report sufficient comments in laboratory data review checklist for 
exceeded QC associated with sample results so that project management can further 
narrate and ensure data qualifiers (flags) are properly assigned to the reported data.   


18.4 NCARs must be issued for QC system exceedances. Matrix interferences are reported 
using the analyte reporting comment section in LIMS or using the Laboratory Data 
review checklist.    


19) Method Performance 


19.1 Initial Demonstration of Proficiency- Each analyst must perform an initial 
demonstration of proficiency on a method and matrix basis with a successful analysis 
of four LCS where acceptable precision and accuracy are generated. The accuracy 
component must fall within LCS criteria. The precision component must be less than 
20% for duplicate RPD data.  


19.2 Method Detection Limits (MDLs) must be determined on an annual basis (at minimum) 
or whenever major modifications are performed.  


 


20) Summary of Changes 
Table 20.1 Summary of Changes 
Revision Number Effective Date Document Editor Description of Changes 


R05 9/1/12 CES Formatting 
R05 9/1/12 CW Update Calibration info 
R06 10/15/13 CES Formatting; update analyte tables 
R07 9/9/15 CES Addition of MCHM/PPH (Appendix B) 
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21) References and Related Documents 


21.1 U.S. Environmental Protection Agency, “SW846-8270D, Semi-volatile Organic 
Compounds by Gas Chromatography/Mass Spectrometry”, Test Methods for Evaluating 
Solid Waste Physical/Chemical Methods, Update IV, February, 2007.   


21.2 U.S. Environmental Protection Agency, “SW846-8000C, Determinative Chromatographic 
Separations”, Test Methods for Evaluating Solid Waste Physical/Chemical Methods, 
Update III, June 13, 1997. 


21.3 U.S. Environmental Protection Agency, Method 625, 40 CFR Part 136, Appendix A, 
(current version) 


21.4 Dept. of Defense Quality Systems Manual for Environmental Laboratories, Version 3, 
May 2005 


21.5 ALS Environmental Quality Assurance Manual, Revision (most current) 


21.6 Appendix A- PNA SIM Analysis 


21.7 Appendix B- MCHM/PPH Analysis 
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Appendix A 
PNAs by Selective Ion Monitoring (SIM) 


(All sections of the 8270 SOP apply unless otherwise specified below) 
 


Scope and Application  
 
Method 8270 can be used to determine low level Polynuclear Aromatics (PNAs) at a much lower level 
than a typical scan analysis, by using selective ion monitoring (SIM).  Instead of scanning across the 
entire range of ions, the SIM method only focuses on a few ions so the signal for those ions is much 
greater.  The following compounds may be determined by this method. 
 
Compound name   Primary Ion Secondary Ions IS Reference 
Phenol  94 65,66 1,4-Dichlorobenzene-d4 
Naphthalene  128 102,127 Naphthalene-d8 
2-Methylnaphthalene  142 141,115 Naphthalene-d8 
Acenaphthylene  152 151,153 Acenaphthene-d10 
Acenaphthene  154 153,152 Acenaphthene-d10 
Fluorene  166 165,167 Acenaphthene-d10 
Phenathrene  178 176,179 Phenanthrene-d10 
Anthracene  178 176,179 Phenanthrene-d10 
Fluoranthene  202 101,203 Phenanthrene-d10 
Pyrene  202 101,203 Chrysene-d12 
Benzo[a]anthracene  228 229,113 Chrysene-d12 
Chrysene  228 226,114 Chrysene-d12 
Benzo[b]fluoranthene  252 253,125 Perylene-d12 
Benzo[k]fluoranthene  252 253,125 Perylene-d12 
Benzo[a]pyrene  252 253,125 Perylene-d12 
Indeno[1,2,3-cd]pyrene  276 138,277 Perylene-d12 
Dibenzo[a,h]anthracene  278 139,279 Perylene-d12 
Benzo[g,h,I]perylene  276 138,277 Perylene-d12 
1,4-Dichlorobenzene-d4 (IS)  152 115,150 NA 
Phenol-d6(Surr)  99 71,42 1,4-Dichlorobenzene-d4 
Naphthalene-d8(IS)  138 68 NA 
Nitrobenzene-d5(S)  82 128,54 Naphthalene-d8 
Acenaphthene-d10(IS)  164 162,160 NA 
2-Fluorobiphenyl(S)  172 171 Acenaphthene-d10 
Phenanthrene-d10(IS)  188 94,80 NA 
2,4,6-Tribromophenol(S)  329 331,141 Phenanthrene-d10 
Chrysene-d12(IS)  240 120,236 NA 
4-Terphenyl-d14(S)  244 122,212 Chrysene-d12 
Perylene-d12(IS)  264 260,265 NA 
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Instrument conditions: 
 
 Oven 
  Initial temp.: 400C 
  Initial time: 4.00 min 
  Ramps: 
   #  Rate  Final temp. Final time 
   1 20.00  2000C  0.00 min 
   2 7.00  2250C  5.00 min 
   3 20.00  3250C  2.93 min 
  Run time: 28.5 min 
 
 Front inlet  
  Mode: Pulsed splitless 
  Initial temp.: 2500C 
  Pressure: 7.7 psi 
  Pulse pressure: 30.0 psi 
  Pulse time: 1.5 min. 
  Purge flow: 52.9 mL/min. 
  Purge time: 1.00 min. 
  Total flow: 56.4 mL/min. 
  Gas type: Helium 
 


Column 
  ZB-5 w/Guardian (Phenomenex) 
  Nominal length: 35.0 m 
  Nominal diameter: 250.00 um 
  Nominal film thickness: 0.25um 
 
 SIM parameters 
   


Group1 
  Mass  Dwell  Mass  Dwell  Mass  Dwell 
  152  50  115  50  150  50  
  99  50  71  50  42  50 
  94  50  66  50  65  50 
  136  50  137  50  108  50 
  82  50  128  50  54  50 
  102  50  127  50  142  50 
  141  50 
 
  Group 2  
  Mass  Dwell  Mass  Dwell  Mass  Dwell 
  164  50  162  50  160  50  
  172  50  171  50  170  50 
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  152  50  153  50  151  50 
  154  50  166  50  165  50 
  167  50  188  50  94  50 
  80  50  330  50  332  50 
  141  50  178  50  176  50 
  179  50  202  50  203  50 
  101  50  244  50  122  50 
  212  50  142  50  115  50 
 
  Group 3 
  Mass  Dwell  Mass  Dwell  Mass  Dwell 
  240  50  236  50  102  50 
  202  50  203  50  101  50 
  244  50  243  50  122  50 
  228  50  113  50  229  50 
  226  50  114  50  264  50 
  260  50  265  50  252  50 
  253  50  125  50  276  50 
  277  50  138  50  278  50 
  279  50  139  50 
 
Procedure   
  Soil samples are extracted by SW846 method 3540, 3541, or 3550. 
  Water samples are extracted by SW846 method 3510. 
 
  Surrogate:  100 ug/mL Surrogate Solution (Environmental Express) 
  50 uL per sample 
 
  Spike:  1000ug/mL 8270 MegaMix (Restek) 
   Working spike: 1mL 25 mL 50% Methanol / 50% Methylene chloride 
     Final concentration: 40ug/mL 
   LCS/MS/MSD:  50uL each 


 
  Post extraction IS:  4000 ug/mL CLP Semi-volatile IS (Absolute Standards) 
   Working IS: 1 mL  10mL Methylene chloride 
            Final Concentration: 400ug/mL 
   All samples: 10uL each  
 
                                   All QC criteria specified in section 11 must be achieved.   
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Appendix B 
 


Analysis of 4-Methyl-1-cyclohexanemethanol and Propylene glycol 
phenyl ether by Method 8270 


(All sections of the 8270 SOP apply unless otherwise specified below) 
 


Scope and Application  
 
Method 8270 can be used to determine 4-Methyl-1-cyclohexanemethanol (MCHM) and Propylene 
glycol phenyl ether (PPH) at a higher level than a typical scan analysis.  The following modifications 
are utilized in the analysis of these compounds. 
 
 


Compound name   Primary Ion Secondary Ions IS Reference 
4-Methyl-1-cyclohexanemethanol  55 97, 95 Naphthalene-d8 
Propylene glycol phenyl ether  94 77, 153 Naphthalene-d8 
 
 


21.8 SV Standards: Stock standards are prepared at 1000 ug/ml from neat materials.  


 
21.8.1 40 mg of reagent grade MCHM and PPH are brought to a final volume of 40 


mL with Methylene Chloride. 
21.8.2 Expires 1 year from preparation or if degradation is noted. 


 


21.9 Initial and Continuing Working Calibration Standards: These standards are prepared at 
minimally six levels as follows using the 1000 ug/mL stock. 
 


Standard 
Name 


Amt of Stock 
added  


ul 


Final 
Volume  


ml 


Final 
Conc. 
ug/ml 


BNA 
Surrogate 


ul 


Internal 
Standard 


ul 
Cal A 1 1.0 1 0.4 10 
Cal B 5 1.0 5 2 10 
Cal C 10 1.0 10 4 10 
 Cal D 20 1.0 20 8 10 


Cal E 50 1.0 50 20 10 


Cal F 100 1.0 100 40 10 


Cal G 250 1.0 250 100 10 


 Cal H 500 1.0 500 500 10 


 


21.10 LCS/MS/MSD Spiking Standard at 1000 ug/ml. 


 
21.10.1 40 mg of reagent grade MCHM and PPH are brought to a final volume of 40 


mL with Methylene Chloride. 
21.10.2 Expires 6 months from preparation or if degradation is noted. 
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POLYCHLORINATED BIPHENYLS 


1) Scope and Applicability 


1.1 This SOP is used to determine the concentrations of polychlorinated biphenyls (PCBs) 
as Aroclors utilizing a gas chromatograph equipped with electron capture detectors 
(ECD). The analytical determination of the target analytes listed in Table 1.1 is 
applicable to this SOP.  


  
  Table 1.1 


Compound CAS Registry No. 
Aroclor 1016 12674-11-2 
Aroclor 1221 11104-28-2 
Aroclor 1232 11141-16-5 
Aroclor 1242 53469-21-9 
Aroclor 1248 12672-29-6 
Aroclor 1254 11097-69-1 
Aroclor 1260 11096-82-5 
Aroclor 1262 37324-23-5 
Aroclor 1268 11100-14-4 


 


1.2 Aroclors are multi-component mixtures of chlorinated biphenyls.  When samples 
contain more than one Aroclor, a higher level of analyst expertise is required to attain 
acceptable levels of qualitative and quantitative analysis.  The same is true of Aroclors 
that have been subjected to environmental degradation ("weathering") or degradation 
by treatment technologies. Such weathered multi-component mixtures may have 
significant differences in peak patterns than those of Aroclor standards. 


1.3 This SOP is based upon and compliant with SW846-8082 and SW846-8082A.  


1.4 Analyte verification is based on use of a secondary gas chromatographic column to 
confirm the measurements made with the primary column. 


2) Summary of Procedure 


2.1 A measured volume or weight of sample (approximately 1 L for liquids or 15 g for 
solids) is extracted using the appropriate matrix-specific sample extraction technique. 


2.2 Aqueous samples are extracted at neutral pH with methylene chloride using Method 
3510C (separatory funnel). Solid samples are extracted with a hexane/acetone mixture 
using Method 3540 (Soxhlet), Method 3541 (Automated Soxhlet), or Method 3550 
(ultrasonic extraction).  The extraction procedures use a hexane solvent exchange (if 
necessary) in preparation of the final extract for analysis by GC/ECD.  


2.3 Sample extracts may be subjected to a sulfuric acid cleanup (Method 3665). This 
cleanup technique will remove (destroy) many single component organochlorine or 
organophosphorus pesticides.  Therefore, Method 8082 is not applicable to the 
analysis of those compounds.  


2.4 After cleanup, the extract is analyzed by injecting a 0.5-µL aliquot into a gas 
chromatograph with a narrow- or wide-bore fused silica capillary column and electron 
capture detector (GC/ECD). 
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3) Definitions 
3.1 GC/ECD = Gas Chromatograph / Electron Capture Detector  


3.2 Organic Free Water: Deionized (DI) reagent water meeting purity characteristics of 
ASTM Type II laboratory distilled water (daily conductivity <1.0 umhos/cm). For 
additional purification before use, the DI water is passed through an activated carbon 
filter.    


3.3 Laboratory Control Sample (LCS): An analyte-free matrix spiked with known 
concentrations of all target analytes. This is used to evaluate and document laboratory 
method performance. 


3.4 Matrix: The component or substrate (e.g., surface water, groundwater, soil) which 
contains the analyte of interest.  


3.5 Matrix Spike (MS): An aliquot of background sample spiked with a known 
concentrations of all target analytes. The spiking occurs prior to sample preparation 
and analysis. A matrix spike is used to assess the bias of a method in a given sample 
matrix.  


3.6 Matrix Spike Duplicate (MSD): A duplicate aliquot of the background sample spiked 
with a known concentrations of all target analytes. Spiking occurs prior to sample 
preparation and analysis. The MS/MSD pair are used to assess precision and bias of a 
method in a given sample matrix.  


3.7 Method Blank: An analyte-free matrix to which all reagents are added in the same 
volumes or proportions as used in sample processing. The method blank is carried 
through the complete sample preparation and analytical procedure. The method blank 
is used to document contamination resulting from the analytical process.  


3.8 Standard Curve:  A plot of known analyte concentrations (standards) versus the 
instrument response. 


3.9 Surrogate: An organic compound which is similar to the target analyte(s) in chemical 
composition and behavior in the analytical process, but which is not normally found in 
environmental samples.  


3.10 Limit of Quantitation (LOQ): The minimum levels, concentrations, or quantities of a 
target variable (e.g., target analyte) that can be reported with a specified degree of 
confidence. The LOQ is also referred to as the method quantitation limit (MQL) or the 
reporting limit (RL).  


3.11 Limit of Detection (LOD): an estimate of the minimum amount of a substance that an 
analytical process can reliably detect.  An LOD is analyte- and matrix-specific and may 
be laboratory-dependent. 


3.12 Method Detection Limit (MDL) study: the procedure, as described in 40CFR part 136, 
for determining the LOD based on statistical analysis of 7 low-level replicate spikes.  


4) Health and Safety Warnings 
4.1 Lab Safety: Due to various hazards in the laboratory, safety glasses and laboratory 


coats or aprons must be worn at all times while in the laboratory.  In addition, gloves 
and a face shield should be worn when dealing with toxic, caustic, and/or flammable 
chemicals.   


4.2 Chemical Hygiene: The toxicity or carcinogenicity of each reagent used has not been 
precisely defined; however, each chemical used should be treated as a potential health 
hazard. Exposure to laboratory reagents should be reduced to the lowest possible 
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level. The laboratory maintains a current awareness file of OSHA regulations regarding 
the safe handling of the chemicals specified in this method. A reference file of data 
handling sheets (MSDS) is available to all personnel involved in these analyses.   


4.3 Waste Management: The principal wastes generated by this procedure are the method-
required chemicals and standards. It is the laboratory's responsibility to comply with 
all federal, state, and local regulations governing waste management by minimizing 
and controlling all releases from fume hoods and bench operations. Compliance with 
all sewage discharge permits and regulations is required.  Laboratory procedures in 
SOP HN-SAF-001, Waste Disposal Procedures, must be followed. 


4.4 Pollution Prevention: The materials used in this method pose little threat to the 
environment when recycled and managed properly. The quantities of chemicals 
purchased should be based on the expected usage during its shelf life. Standards and 
reagents should be prepared in volumes consistent with laboratory use to minimize 
the volume of expired standards or reagents to be disposed.  


5) Cautions 
5.1 Electron capture detectors are sensitive to the presence of chlorinated compounds.  


Exposure of the detectors to extraneous chlorinated sources, such as methylene 
chloride, must be avoided. 


5.2 Routine preventative maintenance must be performed as scheduled and documented 
to assure optimum instrument performance. Refer to HN- EQ-004 for additional 
information. 


6) Interferences 


6.1 Interferences co-extracted from the samples will vary considerably from matrix to 
matrix.  While general cleanup techniques are referenced or provided as part of this 
method, unique samples may require additional cleanup approaches to achieve desired 
degrees of discrimination and quantitation. Sources of interference in this method can 
be grouped into three broad categories.  


 
6.1.1 Contaminated solvents, reagents, or sample processing hardware.  
6.1.2 Contaminated GC carrier gas, parts, column surfaces, or detector surfaces. 
6.1.3 Compounds extracted from the sample matrix to which the detector will 


respond.   


6.2 Interferences by phthalate esters introduced during sample preparation can bias PCB 
peak pattern determinations.   


 
6.2.1 Avoiding contact with any plastic materials and checking all solvents and 


reagents for phthalate contamination can best minimize interferences from 
phthalate esters.  


6.2.2 Exhaustive cleanup of solvents, reagents and glassware may be required to 
eliminate background phthalate ester contamination.   These materials can be 
removed through the use of Method 3665 (sulfuric acid cleanup).  


6.3 Clean all glassware as soon as possible after use by rinsing with the last solvent used. 
After rinsing, wash all glassware utilizing the procedures documented in SOP HN-GEN-
003 (glassware cleaning). 


7) Personnel Qualifications and Responsibilities 
7.1 General Responsibilities - This method is restricted to use by or under the supervision 
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of analysts experienced in the method. 


7.2 Analyst - It is the responsibility of the analyst(s) to: 


  
7.2.1 Each must read and understand this SOP and follow it as written. Any 


deviations or non-conformances must be documented and submitted to the 
QA Manager for approval.  


7.2.2 Produce method compliant data that meets all quality requirements using this 
procedure and the Data Reduction, Review and Validation SOP (HN-QS-009).  


7.2.3 Complete the required initial demonstration of proficiency before performing 
this procedure without supervision. 


7.2.4 Complete an ongoing demonstration of proficiency annually when continuing 
to perform the procedure. 


7.2.5 The analysts must submit data for peer or supervisor review. 


7.3 Section Supervisor - It is the responsibility of the section supervisor to: 


 
7.3.1 Ensure that all analysts have the technical ability and have received adequate 


training required to perform this procedure. 
7.3.2 Ensure analysts have completed the required initial demonstration of 


proficiency before performing this procedure without supervision.  
7.3.3 Ensure analysts complete an ongoing demonstration of proficiency annually 


when continuing to perform the procedure. 
7.3.4 Ensure analysts produce method compliant data that meet all quality 


requirements using this procedure and the Data Reduction, Review and 
Validation SOP.  


7.4 Project Manager - It is the responsibility of the Project Manager to ensure that all 
method requirements for a client requesting this procedure are understood by the 
laboratory prior to initiating this procedure for a given set of samples. 


7.5 QA Manager: The QA Manager is responsible for 


  
7.5.1 Approving deviations and non-conformances  
7.5.2 Ensuring that this procedure is compliant with method and regulatory 


requirements,  
7.5.3 Ensuring that the analytical method and SOP are followed as written through 


internal method and system audits. 


8) Sample Collection, Handling, and Preservation 
8.1 All samples must be iced or refrigerated at 4oC (+/- 2 oC) from the time of collection 


until extraction.  Refer to Table 8.1 for sample containers, sample preservation and 
sample holding time information.  


TABLE 8.1 - SEMIVOLATILE ORGANICS  / ORGANOCHLORINE PESTICIDES/ PCBs AND HERBICIDES 
Sample Matrix Container Preservative Holding Time 
Concentrated 
Waste Samples 


125-ml widemouth 
glass with Teflon 
lined lid. 


None Samples extracted 
within 14 days and 
extracts analyzed 
within 40 days 
following extraction.  


Aqueous Samples 
With No Residual 
Chlorine Present 


1-gal., 2 x 0.5-gal., or 
4 x 1-L, amber glass 
container with 


Cool to 4oC Samples extracted 
within 7 days and 
extracts analyzed 
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Teflon-lined lid. within 40 days 
following extraction. 


Aqueous Samples 
WITH Residual 
Chlorine Present 


1-gal, 2 x 0.5-gal., or 
4 x 1-L, amber glass 
container with 
Teflon-lined lid. 


Add 3-ml 10% sodium thio-
sulfate solution per gallon 
(0.008%).  Addition of so-
dium thiosulfate solution to 
sample container may be per-
formed in the laboratory prior 
to field use. Cool to 4oC. 


Samples extracted 
within 7 days and 
extracts analyzed 
within 40 days 
following extraction. 


Solid Samples 
(e.g. soils, 
sediments, 
sludges, ash) 


250-ml wide mouth 
glass container with 
Teflon-lined lid 


Cool to 4oC Samples extracted 
within 14 days and 
extracts analyzed 
within 40 days 
following extraction. 


Wipes 2-oz wide mouth 
glass container with 
Teflon-lined lid 


Cool to 4oC Samples extracted 
within 40 days. 


9) Equipment and Supplies 
9.1 Gas chromatograph – Agilent  6890 (or equivalent) GC equipped with electron capture 


detectors (ECDs).  


9.2 GC columns:   
  


9.2.1 Primary: 30.0m x 0.25mm ID x 0.25um Rtx-CLPesticides (Restek cat.# 11123)  
9.2.2 Secondary: 30.0m x 0.25mm ID x 0.20 um Rtx-CLPesticides2 (Restek cat.# 


11323)  
9.2.3 5m x 0.25mm ID Siltek Deactivated Guard Column 


9.3 Syringes - 10ul, 0.1ml, 0.5ml & 1.0ml  


9.4 Volumetric Flasks, class A, assorted sizes 


9.5 2-ml clear auto-sampler vials with screw cap closures lined with PTFE (Teflon). 


10) Standards and Reagents 


10.1 n-Hexane and Acetone - reagent grade or higher  


10.2 Solvents used in the extraction and cleanup procedures (see appropriate 3500 and 
3600 SOPs) include n-hexane and methylene chloride.   Acetone or toluene may also be 
required. All solvents must be reagent grade or higher.  


10.3 Aroclor Stock Standards in hexane @ 100 ug/ml (Restek or equivalent) 
 
10.3.1 Aroclor 1221 @ 100 µg/ml in hexane 
10.3.2 Aroclor 1232 @ 100 µg/ml in hexane 
10.3.3 Aroclor 1242 @ 100 µg/ml in hexane 
10.3.4 Aroclor 1248 @ 100 µg/ml in hexane 
10.3.5 Aroclor 1254 @ 100 µg/ml in hexane 
10.3.6 Aroclor 1262 @ 100 µg/ml in hexane 
10.3.7 Aroclor 1268 @ 100 µg/ml in hexane 
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10.4 Aroclor 1016/1260 Mix in hexane @ 1000 ug/ml (Restek #32039 or equivalent) 


10.5 Pesticide Surrogate Standard Spiking Solution in acetone @ 200 ug/ml, (Ultra ISM-320 
or equivalent) 


10.6 Calibration Working Stock @ 10 ug/ml Arochlor and 0.20 ug/ml Surrogate 
 


10.6.1 Add approximately 8 ml n-hexane to a 10 ml Class A volumetric flask. 
10.6.2 Add 100 ul of the Aroclor 1016/1260 stock (Section 10.4) 
10.6.3 Add 10 ul of the Surrogate stock (Section 10.5) 
10.6.4 Bring to volume with n-hexane and mix 
10.6.5 Transfer to a clean appropriately labeled amber container 
10.6.6 Replace after 6 months or if degradation is noted.  The expiration date may 


not exceed that of any parent stock. 


10.7 Initial Calibration Standards, (Aroclor 1016/1260 w/surrogates):  
 


10.7.1 Using the appropriate syringe, inject the amounts documented in Table 10.7.1 
of the Calibration Working Stock (Section 10.6) into a clean appropriately 
labeled 2 ml amber vial containing the designated amount of reagent grade n-
Hexane.   


10.7.2 Mix and store refrigerated. 
10.7.3 Replace after 6 months or if degradation is noted.  The expiration date may 


not exceed that of any parent stock. 
 
Table 10.7.1 Initial Calibration Standards - Concentration (ng/ml)  
ul of Calibration Working Stock 10ul 25ul 50ul 100ul 200ul 300ul 500ul 1 ml 
ul of n-Hexane 990ul 975ul 950ul 900ul 800ul 700ul 500ul 0 ml 
Final Volume 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml 
Compound Name Level 1 Level 2 Level 3 Level 4 Level 5 Level 6 Level 7 Level 8 
Aroclor 1016/1260, ppb  100 250 500 1000 2000 3000 5000 10000 
Tetrachloro-meta-xylene 
(surrogate),  ppb 


2 5 10 20 40 60 100 200 


Decachlorobiphenyl 
(surrogate), ppb 


2 5 10 20 40 60 100 200 


 
10.8 Single Point Calibration Standards @ 5.0 ug/ml (non - 1016/1260)  


 
10.8.1 Using the appropriate syringe, inject 50 ul of the appropriate Aroclor Stock @ 


100 ug/ml (Section 10.3) into a 2 ml amber vial containing 950ul of reagent 
grade n-Hexane.  


10.8.2 Mix and store refrigerated. 
10.8.3 Replace after 6 months or if degradation is noted.  The expiration date may 


not exceed that of its parent compound. 


10.9 Pesticide/PCB Surrogate Spiking Mix @ 1.0 ug/mL:  
 


10.9.1 Add approximately 80 ml of hexane to a 100 ml Class A volumetric flask. 
10.9.2 Add 500 ul of the stock Surrogate mix (Section 10.5) 
10.9.3 Bring to volume with hexane and mix 
10.9.4 Transfer to a clean appropriately labeled amber bottle 
10.9.5 Replace after 6 months or if degradation is noted.  The expiration date may 


not exceed that of the parent stock. 
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10.10 Stock PCB (1016/1260) LCS/MS Spike @ 1000 ug/ml: (Ultra PPM-8082)    
 


10.10.1 PCB LCS/MS Water Spiking Mix @ 5 ug/ml: 
 


10.10.1.1 Add approximately 95 ml of n-hexane to a 100 ml Class A 
volumetric flask, 


10.10.1.2 Add 500 ul of the stock PCB Spike mix (Section 10.10) 
10.10.1.3 Bring to volume with n-hexane 
10.10.1.4 Transfer to a clean appropriately labeled amber bottle and store 


refrigerated. 
10.10.1.5 Replace after 6 months or if degradation is noted.  The expiration 


date may not exceed that of the parent stock.  
 


10.10.2 PCB LCS/MS Soil Spiking Mix @ 5 ug/ml 
 


Refer to Section 10.10.1 


10.11 Initial calibration verification (ICV): 
 


10.11.1 Prepare an ICV solution directly into hexane using the second source standard 
(Ultra PPM-8082 or equivalent) at or near the mid-point of the calibration 
curve. 


10.11.2 This standard must adhere to all specifications noted in Sections 11.4.1 
through 11.4.3. 


11) Method Calibration 


11.1 Approximate GC operating conditions are listed in Table 11.1:   
 


Table 11.1 - GC Operating Conditions 
GC Conditions GC Column Pair - Section 9.2 
Carrier gas: Helium 
Carrier gas flow rate: 2.0ml/minute @120oC (Constant) 
Head pressure: 45psi 
Makeup gas: Nitrogen 
Makeup gas flow rate: 75ml/minute 
Injector temperature: 250oC 
Detector temperatures: Front- 350oC  Back- 375oC 
Temperature program: 120oC to 288oC at 12oC/minute then hold for 2 minutes. 


 
11.1.1 The same GC conditions must be used for analysis of all standards, samples, 


blanks and QC samples.  


11.2 Initial Calibration Procedure 
 


11.2.1 Inject 0.50 ul of each of the 7 PCB (Table 10.7.1) levels utilizing the operating 
conditions listed in Table 11.1. 


11.2.2 Identify a peak pattern unique to each Aroclor.  Peak patterns should ideally 
utilize 5 peaks and, at a minimum, must utilize 3 peaks.  For each Aroclor, 
one peak must be unique and the remaining peaks should be at least 25% of 
the largest Aroclor peak. 


11.2.3 Record the peak area for each peak in the Aroclor pattern identification. 
11.2.4 Establish the Calibration Factor (CF) for each standard level and evaluate the 
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calibration curve as documented in Section 11.3.  If acceptable, proceed to 
Section 11.2.5. 


11.2.5 Analyze each of the remaining Aroclor standards (Section 10.8). 
11.2.6 Repeat Sections 11.2.2 and 11.2.3 for each Aroclor standard. 
11.2.7 Establish the CF for each Aroclor as documented in Section 11.3. 
11.2.8 Establish the appropriate Retention Time (RT) window for each Aroclor peak 


pattern as documented in Section 11.3.6. 


11.3 Initial Calibration Curve 
 


11.3.1 Calculate the calibration factor for each analyte at each standard 
concentration as documented in Section 15. 


11.3.2 Calculate the mean calibration factor, and the relative standard deviation 
(RSD) of the calibration factors as documented in Section 15.  


11.3.3 If the RSD for each analyte is < 15%, then the response of the instrument is 
considered linear and the mean calibration factor can be used to quantitate 
sample results.  If the RSD is greater than 15%, then linearity through the 
origin cannot be assumed.  The analyst must use a linear calibration curve or 
a non-linear calibration model (e.g., a polynomial equation) for quantitation.   


11.3.4 For a linear calibration curve (y = ax + b), the analyst should not force the line 
through the origin, but leave the intercept calculated. 


 
11.3.4.1 For an acceptable calibration curve, the coefficient of determination 


(COD) must be > 0.995.   
 


11.3.5 If the approaches described above have not met the acceptance criteria, a 
non-linear calibration model may be employed. The quadratic (second order) 
model requires six standards.  


 
11.3.5.1 Y = ax2+bx+c  
 
11.3.5.2 For an acceptable non-linear calibration, the coefficient of the 


determination (COD) must be > 0.995. 
 


11.3.6 Retention Time (RT) Windows 
 


11.3.6.1 Record the retention time of each peak in the peak pattern. 
11.3.6.2 Calculate the mean RT and standard deviation (SD) of each peak 
11.3.6.3 The RT Window for each peak is defined at + 3 times the SD around 


the mean RT. 
11.3.6.4 If the SD of the retention time is 0, a default value of 0.03 minutes 


should be used to define the window.   


11.4 Initial Calibration Verification 
 


11.4.1 Verify each new Initial Calibration using a second source standard at or below 
the midpoint of the curve. 


11.4.2 Agreement with the new curve must be 85-115% of the true value of the 
second source standard. 


11.4.3 If second-order modeling (quadratic) is used in establishment of the initial 
calibration, two verifications must be processed. One at the mid-point of the 
calibration curve, and the other at the upper limit of the calibration curve.  
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11.5 Continuing Calibration Verification 
 
11.5.1 Mid-Level Verification 


 
11.5.1.1 Utilizing a mid-level calibration standard, verify instrument 


calibration prior to any sample analyses, at intervals of not less than 
once every twenty samples, and at the end of the analytical 
sequence. 


11.5.1.2 The calibration factor for each analyte must not exceed a + 15 
percent difference from the mean calibration factor calculated for the 
initial calibration.  If a non-linear model has been employed for the 
initial calibration, % drift must be +15%.  Refer to section 15 for 
calculation of % drift. 


11.5.1.3 If the calibration does not meet the +15% limit, check the instrument 
operating conditions, perform any needed maintenance, and inject 
another aliquot of the calibration verification standard.  If the 
response for the analyte is still not within +15% deviation, a new 
initial calibration must be prepared. 


11.5.1.4 Compare the retention time of each analyte in the calibration 
standard with the retention time window established in Section 
11.3.5.  Each analyte in each standard must fall within its respective 
retention time window.  If not, the gas chromatographic system must 
either be adjusted so that a second analysis of the standard achieves 
acceptance criteria or a new initial calibration must be performed and 
new retention time windows established. 


 
11.5.2 PQL Verification 
 


11.5.2.1 Utilizing a low-level calibration standard, verify instrument sensitivity 
at the Practical Quantitation Limit (PQL). 


11.5.2.2 The PQL verification must fall within 60-140% of the expected value. 
11.5.2.3 If the PQL verification does not meet criteria, check the instrument 


operating conditions, perform any needed maintenance, and process 
a new PQL verification standard. If the second verification does not 
meet criteria, a new initial calibration must be prepared. 


12) Sample Preparation/Analysis 
12.1 Sample Preparation  
 


12.1.1 Water samples are prepared by separatory funnel extraction, method SW846 
3510, HN-EXT-001.  


12.1.2 Soils: 
 
12.1.2.1 Soil samples are extracted by method SW846 3541 (soxtec) HN-


EXT-003. 
12.1.2.2 Alternatively, soil samples can be extracted using SW 3550B 


(ultrasonic) HN-EXT-013. 
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12.1.3 Wipes: 
 
12.1.3.1 Add 1ml of the PCB/Pest working surrogate standard to the 2 oz 


container holding the wipe sample. 
12.1.3.2 Add 9 ml of reagent grade (or higher) hexane. 
12.1.3.3 Sonicate for a period of no less than 10 minutes. 
12.1.3.4 Transfer a portion of the hexane to an appropriately labeled 


container and analyze per Section 12.2. 
12.1.3.5 Report PCB content in units of µg/wipe. 


 
12.1.3.6 MBLK Preparation: 


 
12.1.3.6.1 Add 1ml of the PCB/Pest working surrogate standard to a 


16mm glass vial.  
12.1.3.6.2 Add 9 ml of reagent grade (or higher) hexane. 
12.1.3.6.3 Sonicate for a period of no less than 10 minutes. 
12.1.3.6.4 Transfer a portion of the hexane to an appropriately labeled 


container and analyze per Section 12.2. 
12.1.3.6.5 Report PCB content in units of µg/wipe. 


 
12.1.3.7 LCS Preparation: 


 
12.1.3.7.1 Add 1ml of the PCB/Pest working surrogate standard to a 


16mm glass vial. 
12.1.3.7.2 Add 0.5 ml of the PCB Calibration working stock (10.6) 
12.1.3.7.3 Bring to a volume of 10ml with 8.5 ml of reagent grade (or 


higher) hexane. 
12.1.3.7.4 Sonicate for a period of no less than 10 minutes. 
12.1.3.7.5 Transfer a portion of the hexane to an appropriately labeled 


container and analyze per Section 12.2. 
12.1.3.7.6 Report PCB content in units of µg/wipe. 
12.1.3.7.7 PCB concentration is 5 ug/wipe. 
12.1.3.7.8 Surrogate concentration is 1.1 ug/wipe.  


 


12.2 Sample Analysis 
 


12.2.1 Operating Conditions 
 


12.2.1.1  See Section 11, Table 11.1. 


12.3 Qualitative identifications of target analytes are made by examination of the sample 
chromatograms and comparison of sample peak patterns versus the peak patterns 
established from individual standards 


12.4 Quantitative results are determined for each identified Aroclor using the external 
calibration procedure. If the responses in the sample chromatogram exceed the 
calibration range of the system, dilute the extract and reanalyze. 


12.5 Qualitative identifications of target analytes are made by examination of the sample 
chromatograms and comparison of sample peak patterns versus the peak patterns 
established from individual standards 
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12.6 Quantitative results are determined for each identified Aroclor using the external 
calibration procedure. If the responses in the sample chromatogram exceed the 
calibration range of the system, dilute the extract and reanalyze. 


12.7 Sample analysis must be bracketed with acceptable calibration verification standards.  
Should a calibration verification standard fail to meet QC criteria, all samples that were 
injected after the last acceptable standard must be re-analyzed. 


12.8 Multi-level standards are highly recommended during the analytical sequence to 
ensure that detector response remains stable over the calibration range.  


12.9 Sample injections may continue for as long as the calibration verification standards 
meet instrument QC requirements.  


12.10 Use the calibration standards analyzed during the sequence to evaluate retention time 
stability.  If any of the standards fall outside their established retention time windows, 
the problem must be corrected and all associated sample extracts re-analyzed.  


12.11 If compound identification or quantitation cannot be completed due to matrix 
interferences (e.g., broad, rounded peaks or ill-defined baselines) cleanup of the 
extract or replacement of the capillary column is warranted. 


12.12 Qualitative identification   


 
12.12.1 Identification of PCBs is based on the agreement of peak pattern, peak pattern 


retention time, and peak area ratios in the sample chromatogram with those 
established through the analysis of standards.  


12.12.2 Tentative identification of an Aroclor peak pattern from a sample extract must 
correlate with the pattern, retention time, and peak area ratios established 
from the respective standard. Tentative identification must be confirmed 
using a second GC column of dissimilar stationary phase.  


12.12.3 When samples are analyzed from a source known to contain specific Aroclors 
and for which site history is available, the results from a single-column 
analysis may be confirmed on the basis of a clearly recognizable  Aroclor 
pattern.  This approach is not applicable for samples from unknown or 
unfamiliar sources or for samples that appear to contain mixtures of Aroclors. 


12.13  PCB Quantitation (as Aroclor) 


 
12.13.1 The quantitation of PCB Aroclors is accomplished by comparison of the 


sample chromatogram to that of the most similar Aroclor standard. A choice 
must be made as to which Aroclor is most similar to that of the residue and 
whether that standard is truly representative of the PCBs in the sample. 


12.13.2 Aroclor identification must address: 
 


12.13.2.1 Presence of the established peak pattern, 
12.13.2.2 Elution at the established retention time, and 
12.13.2.3 Appropriate peak area ratios. 


 
12.13.3 If matrix interference precludes a positive identification, the extract should be 


processed through additional clean up procedures and/or diluted and re-
analyzed until the criteria specified in 12.13.2.1 through 12.13.2.3 are 
achieved. 


12.13.4 Use the individual Aroclor standards (not the Aroclor 1016/1260 mixture) to 
determine the peak pattern for Aroclors 1221, 1232, 1242, 1248, 1254, 
1262, or 1268.  The patterns for Aroclors 1016 and 1260 will be evident in 
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the mixed calibration standards. 
12.13.5 Calculate the amount of Aroclor using the individual calibration factor for 


each of the characteristic peaks.  A concentration is determined using each of 
these characteristic peaks and then averaged to determine the concentration 
of the Aroclor. 
 
12.13.5.1 If matrix interference precludes the use of all peaks in the pattern 


for quantitation, a subset of peaks may be used at the analyst’s 
discretion. 


12.13.5.2 The subset must contain, at a minimum, three representative 
peaks. 


12.13.5.3 Initial calibration parameters must be adjusted accordingly to 
reflect use of the subset. 
 


12.13.6 Weathering of PCBs in the environment and changes resulting from waste 
treatment processes may alter the PCBs to the point that the pattern of a 
specific Aroclor is no longer recognizable. Samples containing more than one 
Aroclor present similar problems.  In such instances, analyst judgment and 
experience must be utilized for the qualitative determination. 


13) Troubleshooting 


13.1 Refer to Agilent 6890/7890 GC hardware manuals for specific technical guidance. 


14) Data Acquisition  


14.1 Instrument operation and data collection utilizes HP ChemStation with Enviroquant 
data acquisition software. 


14.2 Enviroquant data processing software converts the acquired signal information into 
sample concentrations.  


15) Calculation, and Data Reduction Requirements 
 


15.1 Calibration Factor and Mean Calibration Factor:  
 


15.1.1 nanograms)(in  Injected Compound  theof Mass
Standard in the Compound  theof Height)(or  AreaPeak  = CF


 
   


15.1.2 


 


n 


CF 
  =   CF   =   CF Mean  


i 
n 


1 = i 
∑ 


   
 


where: n is the number of standards analyzed.   
 


15.2 Standard Deviation (SD) and RSD:   
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100 x 


CF
SD = RSD              


1n-


)CF-CF(
 = SD


i
2


n


1=i
∑


 
15.3 Calculation of Linear Regression Correlation Coefficient, r  


 


)
n


)Y(
-Y()


n
X)(-X(


n
YX


-XY
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2
2


2
2 ∑∑∑∑


∑∑∑


 
Where: 


X = individual values for independent variable 
Y = individual values for dependent variable 
n = number of pairs of data. 
df = n-2 


15.4 Calculation of % difference (using the calibration factors):   
 


15.4.1 % Difference = [(CF - mean CF) x 100] / mean CF  
 
 Where: 


 CF = the calibration factor from the CCV and  
 mean CF = the mean calibration factor from the initial calibration 


15.5 Calculation of % drift (linear and non-linear regression) uses the following formula:   
 


15.5.1 % Drift=  [(Calculated Conc. - Theoretical Conc.) x 100]  
     Theoretical Conc. 


 
15.6 Dual Column Confirmation RPD: When results are confirmed using a second GC column 


of dissimilar stationary phase, the analyst evaluates the agreement between the 
quantitative results on both the primary and secondary columns.  If the RPD is > 40%, 
the higher result is reported unless specified otherwise by the project plan.  Calculate 
the relative percent difference of the results using the formula below.   


 
15.6.1 RPD  =   [R


1
-R


2
] * 100 / ((R


1
+R


2
 )/2)   


 
 Where: R


1
 and R


2
 are the results on the two columns. The difference result for 


[R
1
-R


2
] in the equation above is taken as the absolute value of the difference.  


Therefore, the RPD is always a positive. 
 


15.7 Sample Quantitation using External calibration, aqueous samples:  
 


  Concentration (ug/L) = (A
x
)(V


t
)(D) 


      (CF)(V
i
)(V


s
) 


  Where: 
  
 A


x
 = Area (or height of the peak) for the analyte in the sample. 


  V
t
 = Total volume of the concentrated extract (ml). 
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 D = Dilution factor (if sample/extract was diluted prior to analysis)   
 CF = Mean calibration factor from the initial calibration (area/ng).  
 V


i
 = Volume of the extract injected (ml).  


 V
s
 = Volume of the aqueous sample extracted in L.  


 


15.8 Sample Quantitation using External calibration, solid samples:  
 


  Concentration (ug/kg) = (A
x
)(V


t
)(D) 


      (CF)(V
i
)(W


s
) 


  Where: 
  
 A


x
 = Area (or height of the peak) for the analyte in the sample. 


  V
t
 = Total volume of the concentrated extract (ml). 


 D = Dilution factor (if sample/extract was diluted prior to analysis)   
 CF = Mean calibration factor from the initial calibration (area/ng).  
 V


i
 = Volume of the extract injected (ml).  


 W
s
 = Weight of sample extracted in kg. 


  


15.9 QC Calculations:  LIMS calculates the percent recovery for various QC samples (MS, 
MSD, LCS) according to the following equations:  
15.9.1 % Recovery, %R (for MS and MSD Samples) 


Where: 
SSR = Spiked Sample Result (mg/L or mg/kg). 
SR   = Sample Result (unspiked). 
SA   = Spike Amount Added (mg/L or mg/kg). 
 
 


15.9.2 % Recovery, %R (for standards and LCS) 


Where: 
SSR = Spiked Sample Result (mg/L or mg/kg). 
SA   = Spike Amount Added (mg/L or mg/kg). 
 


15.9.3 RPD (for precision or duplicate evaluation) 


Where: 
SR


1
 = Sample result for duplicate 1. 


SR
2
 = Sample result for duplicate 2. 


 
 
 
 


( ) 100
SRSR½


SRSR
RPD
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21 ×
+


−
=


( ) 100
SA


SRSSRR% ×
−


=
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R% ×=
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16) Quality Control, Acceptance Criteria and Corrective Action 
16.1 Initial Calibration:  
 


16.1.1 Frequency: A new curve must be generated when the ICV or CCV criteria are 
not met, after major instrument maintenance, or changes in operating 
conditions 


16.1.2 Acceptance Criteria: 
  


16.1.2.1 Curve must contain 5 points minimally for the 1016/1260 
standard. 


16.1.2.2 The mean RSD must be < 15%, or  
16.1.2.3 Establish calibration by least squares regression, or 


 
16.1.2.3.1 COD must > 0.995. 


 
16.1.2.4 Establish calibration by quadratic (second order) model 


 
16.1.2.4.1 Six standards minimally must be used, and 
16.1.2.4.2 Coefficient of determination (COD) must be > 0.995. 


  
16.1.3 Curve Failure Corrective Action: 


  
16.1.3.1 Verify standard integrity, perform any necessary instrument 


maintenance, and repeat calibration process. 
16.1.3.2 All samples associated with a failed initial calibration curve must be 


reanalyzed prior to reporting.  If reanalysis cannot be completed, all 
associated sample results must be flagged as “unusable” and 
narrated. 


16.2 Initial Calibration Verification (ICV):  
 


16.2.1 Perform evaluation each time a new curve is generated.  
 
16.2.1.1 A mid-level ICV must be analyzed   
16.2.1.2 A high-level ICV must be analyzed if second order modeling was 
  used in establishment of the initial calibration curve.  
 


16.2.2 Verification must be completed using a second source standard.  
16.2.3 Agreement between the curve and the ICV results must meet accuracy 


performance criteria as outlined in section 11.4. 
16.2.4 If either ICV fails to achieve acceptance criteria, evaluate standard integrity 


and/or perform any needed system maintenance. If a subsequent ICV analysis 
cannot achieve acceptance criteria, prepare new standards and/or generate 
new curve.  


16.3 Continuing Calibration Verification (PQL & CCV):  
 


16.3.1 A low-level (PQL verification) standard must be analyzed at the beginning each 
daily sequence. 


16.3.2 A CCV must be analyzed at the beginning of each daily sequence, minimally 
after every 20 samples, and at the end of the sequence. 


16.3.3 All analytes must meet accuracy performance criteria as outlined in section 
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11.5. 
16.3.4 If the calibration does not meet the criteria, perform any necessary 


maintenance and re-analyze the standard.  If the subsequent PQL or CCV fails 
to achieve acceptance criteria, prepare a new calibration curve.  


16.3.5 All samples associated with a failed PQL or CCV must be reanalyzed prior to 
reporting.  If reanalysis cannot be completed, all associated sample results 
must be flagged as “estimated” and narrated. 


16.4 Retention Time (RT) Window: 
 


16.4.1 Calculate new RT windows with each new curve. 
16.4.2 The RT window must be set at +3 times the SD relative to the mean RT for 


each analyte.  
16.4.3 Peak patterns for standards and QC samples must fall within the documented 


RT window. (For field samples, analyst judgment may be substituted in 
situations involving chromatographic matrix interference.) 


16.4.4 If RT acceptance criteria are not achieved, perform any necessary instrument 
maintenance and repeat the analysis.  If the subsequent analysis fails to 
achieve acceptance criteria, perform a new initial calibration and establish 
updated RT windows. 


16.5 Method Blank: 
 


16.5.1 A method blank must be processed at a frequency of one per analytical batch 
of 20 or less samples.  If the method blank indicates contamination, process 
an instrument blank to document instrument cleanliness. 


16.5.2 Analytes of interest should be less than ½ the MQL and must be less than the 
MQL. 


 
16.5.2.1 Other approved QA program requirements must be followed when 


the acceptable blank contamination specified in the approved 
quality assurance project plan differs from the above. 
 


 
  


16.5.2.2 If blank contamination is present, the blank may be considered 
valid if the analytes of interest are less than 5% of the regulatory 
limit associated with an analyte or analytes of interest are less than 
5% of the sample result for the same analyte, whichever is greater.  


 
16.5.3 If the method blank results do not meet acceptance criteria, the 


contamination source(s) must be eliminated and all associated samples re-
extracted. If samples cannot be re-extracted because of insufficient sample or 
other similar circumstances, a corrective action report must be initiated and 
issued to project management and to QA. The CAR must be detailed enough 
for preparation of the project narrative, and all appropriate data flags must be 
entered into the LIMS for the final report preparation. Data reported with an 
associated contaminated method blank must be flagged with a “B”.  


16.6 Laboratory Control Sample (LCS):  
 


16.6.1 The LCS must be processed with each batch of 20 or less samples utilizing a 
clean matrix. 


16.6.2 LCS recovery must meet accuracy performance criteria as outlined in the 
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applicable LIMS test code. 
16.6.3 If the LCS recoveries for the compounds of interest do not meet acceptance 


criteria, the sample batch must be re-extracted. If reprocessing it is not 
possible due to lack of sample or expired hold time, report (narrate) the 
variance to the client and flag the associated data as “estimated”.  


16.7 Matrix Spike/Matrix Spike Duplicate (MS/MSD)  
 


16.7.1 Samples should be spiked with the Aroclor 1016/1260 mixture.   
16.7.2 The MS/MSD should be processed:  


 
16.7.2.1 With each batch of 20 samples or less (assuming sufficient sample 


volume) if project criteria requires SW846-8082 
 


16.7.3 MS/MSD recovery must meet accuracy and precision performance criteria as 
outlined in the applicable LIMS test code. 


16.7.4 If the MS/MSD recoveries are outside acceptance criteria, the deviation may be 
related to matrix effects. In such instances, the LCS and surrogate recoveries 
must be carefully evaluated to determine if matrix interference is present or if 
method performance is poor. (Note that the MS/MSD are used to evaluate the 
matrix effect, not to control the analytical process.)  If matrix interference is 
suspected, re-extraction is not necessary.  If systemic error is suspected, all 
associated samples must be re-extracted.  


16.8 Surrogates 
 


16.8.1 Surrogates must be added to all sample. The recoveries must be evaluated for 
all samples and QC samples. 


16.8.2 Surrogate recovery for interference free matrices (MB/LCS) must fall within 
50% - 130% for waters and 40%-140% for soils.  Surrogate recovery for field 
samples should fall within 40% - 140% for both waters and soils.  


16.8.3 If the surrogate recoveries do not meet acceptance criteria: 
  


16.8.3.1 Check for possible errors in the calculations or surrogate solutions. 
If errors are found, recalculate the data accordingly. 


16.8.3.2 Examine chromatograms for interfering peaks and proper 
integration. 


16.8.3.3 If no instrument problem is found, the sample should be re-
extracted and re-analyzed. If, upon re-analysis, the recovery is not 
within limits, report the data as an "estimated concentration." If the 
recovery is within the limits in the re-analysis, provide the re-
analysis data to the data user. 


16.8.3.4 If the holding time for the method has expired prior to the re-
analysis, provide both the original and re-analysis results to the 
data user, and note the holding time problem.  


16.9 Deviations and non-conforming events must be documented using a Nonconformance 
Corrective Action Report (NCAR) or as an Exception Report item on the laboratory 
review checklist. For mandatory QC failures (e.g. LCS), the NCAR must be submitted to 
the QA Manager via the NCAR database. 


17) Data Records Management 


17.1 All data is stored both electronically and hard copy for 7 years. 
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17.2 All analytical sequence IDs and standard preparation information must be recorded in 
the Run logbook. Hardcopy computer printouts of analytical sequences and raw data 
must be retained and initialed by the analyst (electronic initials are acceptable). To 
simplify standard tracking, analyst must attempt to use one lot of reagents and 
standards with each batch. 


17.3 Complete all pertinent sections in the respective logbooks.  If not-applicable then line 
out the section.  “Z” out or “X” out all large sections of the worksheet that are not used. 
Make all corrections with single line through, date and initial. Make NO obliterations 
when manually recording data.  


17.4 Logbooks are controlled. Never remove a page from a logbook. Completed logbooks 
are returned to the QA department when filled and no longer needed in the work area. 


17.5 The effective date of this SOP is the date in the header or last signature date, 
whichever is most recent. 


17.6 Logbooks must be reviewed monthly by the department supervisor. 


17.7 Logbooks must be reviewed quarterly by the QA Staff. 


18) Contingencies for Handling Out of Control Data 


18.1 When method required QC exceedances occur, in every case where sample data quality 
are affected, the source of the QC exceedance must be determined, corrected and 
sample reanalysis carried out when possible.  


18.2 When affected sample analysis can not be repeated due to limitations (i.e. sample 
availability, or if reanalysis can only be performed after expiration of a sample hold 
time), the reporting of data associated with exceeded QC data must be appropriately 
flagged and narrated.  This documentation is necessary to define for the data user the 
effect of the error has upon the data quality of the results reported (e.g. E flag data 
indicate the result to be only an estimate).   


18.3 All analysts must report sufficient comments in laboratory data review checklist for 
exceeded QC associated with sample results so that project management can further 
narrate and ensure data qualifiers (flags) are properly assigned to the reported data.   


18.4 NCARs must be issued for QC system exceedances. Matrix interferences are reported 
using the analyte reporting comment section in LIMS or using the Laboratory Data 
review checklist.    


19) Method Performance 


19.1 Initial Demonstration of Proficiency- Each analyst must perform an initial 
demonstration of proficiency on a method and matrix basis with a successful analysis 
of four LCS where acceptable precision and accuracy are generated. The accuracy 
component must fall within LCS criteria. The precision component must be less than 
20% for duplicate RPD data.  


19.2 Method Detection Limits (MDLs) must be determined on an annual basis (at minimum) 
or whenever major modifications are performed.  


20) Summary of Changes 
Table 20.1 Summary of Changes 


Revision 
Number 


Effective 
Date 


Document 
Editor 


Description of Changes 


R05 9/1/12 CES Formatting 
R06 2/1/13 DWD Addition of Wipe Procedure 
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R07 10/15/13 DWD/CES Formatting;  Addition of SW-8082A Criteria  
R08 10/1/14 CES Addition of Wipe QC preparation. 


21) References and Related Documents 


21.1 Table 21.1 - MDL/MQL 


21.2 Table 21.2 - LCS Acceptance Criteria 


21.3 Table 21.3 - MS/MSD Acceptance Criteria 


21.4 Table 21.4 - QA Criteria Summary 


21.5 U.S. Environmental Protection Agency, “Method 8082 Polychlorinated Biphenyls by Gas 
Chromatography”, Test Methods for Evaluating Solid Waste Physical/Chemical 
Methods, Update III, June 13, 1997.  


21.6 U.S. Environmental Protection Agency, “Method 8082A Polychlorinated Biphenyls by 
Gas Chromatography”, Test Methods for Evaluating Solid Waste Physical/Chemical 
Methods, Update IV, 2000.  


21.7 U.S. Environmental Protection Agency, “Method 8000C Determinative Chromatographic 
Separations”, Test Methods for Evaluating Solid Waste Physical/Chemical Methods, 
Revision 3, March 2003. 


21.8 ALS Environmental Quality Assurance Manual, Revision (most current) 
 


Table 21.1  - Current Aroclor  MDLs and MQLs,  at time of SOP revision.  MDLs are determined annually 
and subject to change. 
Analyte - water matrix MDL MQL Analyte - solid/soil matrix MDL MQL 
 µg/L µg/L  µg/Kg µg/Kg 
Aroclor 1016 0.133 0.20 Aroclor 1016 35.59 40.0 
Aroclor 1221 0.133 0.20 Aroclor 1221 35.59 40.0 
Aroclor 1032 0.133 0.20 Aroclor 1032 35.59 40.0 
Aroclor 1242 0.133 0.20 Aroclor 1242 35.59 40.0 
Aroclor 1248 0.133 0.20 Aroclor 1248 35.59 40.0 
Aroclor 1254 0.025 0.20 Aroclor 1254 11.16 40.0 
Aroclor 1260 0.025 0.20 Aroclor 1260 11.16 40.0 
      
Table 21.2   - SW-8082/8082A LCS Recovery Limits. 
Analyte - Water Matrix Low High Analyte - Soil Matrix Low High 
Aroclor 1016 50 130 Aroclor 1016 50  130 
Aroclor 1260 50 130 Aroclor 1260 50  130 
Decachlorobiphenyl 40 110 Decachlorobiphenyl 40  140 


Tetrachloro-m-xylene  40 110 Tetrachloro-m-xylene  45  124 
      
Table 21.3  -  SW-8082/8082A MS/MSD Recovery Limits. 
Analyte - Water Matrix Low High RPD Analyte - Soil Matrix Low High RPD 
Aroclor 1016  40 140   50 Aroclor 1016  40 140  50  


Aroclor 1260  40 140  50 Aroclor 1260  40 140  50 
Decachlorobiphenyl  40 110  50 Decachlorobiphenyl  40 140  50 
Tetrachloro-m-xylene   40 110  50 Tetrachloro-m-xylene   45 124  50 
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Table 21.4 - Summary of Calibration and QC Procedures for Method SW8082  
 QC Check  Minimum 


Frequency 
 Acceptance Criteria  Corrective Action 


 Eight-point initial 
calibration. 


Initial calibration 
prior to sample 
analysis. 


 Linear - mean RSD for all 
analytes <15%;  or  Linear - 
least squares regression  r > 
0.995 (six points required) 


Correct problem then 
repeat initial calibration.    


Initial calibration 
verification for PCB 
1016/1260 mix. 


 Once per five-
point initial 
calibration. 
Required second 
source standard. 


 Mix within ± 15 % of 
expected value. 


Correct problem then 
repeat initial calibration. 


Retention time 
window calculated 
for PCB 1016/1260 
mix. 


 Each initial 
calibration and 
calibration 
verifications. 


 ± 3 times standard 
deviation for each analyte 
relative to mean RT 


Correct problem then 
reanalyze all samples 
analyzed since the last 
retention time check. 


PQL verification for 
PCB 1016/1260 mix. 


Daily before 
sample analysis 


Analytes within 40% of 
expected value 


Correct problem then 
repeat or perform new 
initial calibration 


Continuing 
calibration 
verification for PCB 
1016/1260 mix. 


 Daily, before 
sample analysis, 
after every 20 
samples, and end 
of sequence. 


 All analytes within ±15% 
of expected value. 


Correct problem then 
repeat or perform new 
initial calibration. 


 Demonstrate ability 
to generate 
acceptable accuracy 
and precision using 
four replicate LCS.  


Once per analyst.  QC acceptance criteria, 
Table 20.2. 


Recalculate results; locate 
and fix problem and then 
rerun demonstration for 
those analytes that did not 
meet criteria. 


 Method blank. One per batch.  No analytes detected    
>MDL. 


Flag all associated 
samples 


 LCS (1016/1260 
mix). 


 One LCS per 
analytical batch. 


 QC acceptance criteria, 
Table 20.2. 


 Correct problem. Re-
prep & analyze all 
associated samples. 


 Surrogate spike.  All samples  QC acceptance criteria, 
Table 20.2 & 20.3. 


 Method 8000, Section 
8.6 Requirements.   


 MS/MSD 
(1016/1260 mix). 


One MS/MSD per 
every 20 project 
samples per matrix. 


 QC acceptance criteria, 
Table 20.3. 


 Describe in Laboratory 
Review Checklist. 


 MDL study. Once per 12 month 
period. 


Detection limits established 
in accordance with 
Wisconsin guidelines 


 None. 
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MERCURY - AQUEOUS 


1) Scope and Applicability 


1.1 This SOP is applicable to the determination of mercury in aqueous wastes and ground 
waters.  Analysis conducted under the guidance of EPA 245.1 is applicable to the 
determination of mercury in drinking water. 


1.2 This SOP is based upon and compliant with EPA 245.1 and SW-846 7470A 
methodologies. 


2) Summary of Procedure 


2.1 Prior to analysis, a 50 ml aqueous sample must be prepared according to the digestion 
procedure described in this method.  


2.2 After preparation, the Cetac M-6100A Mercury Analyzer is utilized to determine 
mercury concentration.  


 
2.2.1 The M-6100A Mercury Analyzer is specifically designed to measure trace 


levels of mercury in aqueous solution by Cold Vapor Atomic Absorption 
Spectrometry (CVAAS).  The M-6100A incorporates a 4-channel peristaltic 
pump, Stannous Chloride Reactor (SRCC), a Gas-Liquid Separator (GLS), a 
Nafion dryer, long-path (220mm) sample and reference double-beam 
absorbance cells, a stabilized Hg vapor lamp, dual high performance silicon 
detectors, internal A/D (Analog-to-Digital) conversion, high-rate data 
sampling, on-board DSP (Digital Signal Processing), and the ASX-510 Auto 
Sampler to form an automated, integrated sampling and analysis system. 


2.3 The approximate method-reporting limit for this method is 0.2 ug/L. 


3) Definitions 
3.1 Laboratory Control Sample (LCS): An analyte-free matrix spiked with known 


concentrations of all target analytes. This is used to evaluate and document laboratory 
method performance. 


3.2 Matrix: The component or substrate (e.g., surface water, groundwater, soil) which 
contains the analyte of interest.  


3.3 Matrix Spike (MS): An aliquot of background sample spiked with a known 
concentrations of all target analytes. The spiking occurs prior to sample preparation 
and analysis. A matrix spike is used to assess the bias of a method in a given sample 
matrix.  


3.4 Matrix Spike Duplicate (MSD): A duplicate aliquot of the background sample spiked 
with a known concentrations of all target analytes. Spiking occurs prior to sample 
preparation and analysis. The MS/MSD pair are used to assess precision and bias of a 
method in a given sample matrix.  


3.5 Method Blank: An analyte-free matrix to which all reagents are added in the same 
volumes or proportions as used in sample processing. The method blank is carried 
through the complete sample preparation and analytical procedure. The method blank 
is used to document contamination resulting from the analytical process. 


3.6 Standard Curve: A plot of concentrations of known analyte standards versus the 
instrument response to the analyte. Calibration standards are prepared using the same 
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type of acid or other reagents and at the same concentration as will result in the 
samples following sample preparation.  


3.7 Limit of Quantitation (LOQ): The minimum levels, concentrations, or quantities of a 
target variable (e.g., target analyte) that can be reported with a specified degree of 
confidence. The LOQ is also referred to as the method quantitation limit (MQL) or the 
reporting limit (RL).  


3.8 Limit of Detection (LOD): an estimate of the minimum amount of a substance that an 
analytical process can reliably detect.  An LOD is analyte- and matrix-specific and may 
be laboratory dependent.  The LOD is also referred to as the method detection limit 
(MDL). 


3.9 Method Detection Limit (MDL) study: the procedure, as described in 40CFR part 136, 
for determining the LOD based on statistical analysis of 7 low-level replicate spikes.  


4) Health and Safety Warnings 


4.1 Lab Safety: Due to various hazards in the laboratory, safety glasses and laboratory 
coats or aprons must be worn at all times while in the laboratory.  In addition, gloves 
and a face shield should be worn when dealing with toxic, caustic, and/or flammable 
chemicals.   


4.2 Chemical Hygiene: The toxicity or carcinogenicity of each reagent used has not been 
precisely defined; however, each chemical used should be treated as a potential health 
hazard. Exposure to laboratory reagents should be reduced to the lowest possible 
level. The laboratory maintains a current awareness file of OSHA regulations regarding 
the safe handling of the chemicals specified in this method. A reference file of data 
handling sheets (MSDS) is available to all personnel involved in these analyses.   


4.3 Waste Management: The principal wastes generated by this procedure are the method-
required chemicals and standards. It is the laboratory's responsibility to comply with 
all federal, state, and local regulations governing waste management by minimizing 
and controlling all releases from fume hoods and bench operations. Compliance with 
all sewage discharge permits and regulations is required.  Laboratory procedures in 
SOP HN-SAF-001, Waste Disposal Procedures, must be followed. 


4.4 Pollution Prevention: The materials used in this method pose little threat to the 
environment when recycled and managed properly. The quantities of chemicals 
purchased should be based on the expected usage during its shelf life. Standards and 
reagents should be prepared in volumes consistent with laboratory use to minimize 
the volume of expired standards or reagents to be disposed.  


5) Cautions 


5.1 Mercury is a known health hazard and can be readily absorbed via the respiratory tract 
in both elemental vapor and mercury compound dusts. All work must be completed 
under appropriate ventilation, utilizing required personnel protective equipment. 


5.2 This procedure utilizes strong acids and oxidizers. All preparation must be completed 
in a hood utilizing appropriate personnel protective equipment. 
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6) Interferences 
6.1 Potassium permanganate is added to eliminate possible interference from sulfide.  


Concentrations as high as 20 mg/L of sulfide as sodium sulfide do not interfere with 
the recovery of added inorganic mercury from reagent water. 


6.2 Copper has also been reported to interfere; however, copper concentrations as high as 
10 mg/L had no effect on recovery of mercury from spiked samples. 


6.3 Seawaters, brines, and industrial effluents high in chlorides require additional 
permanganate (as much as 25 mL) because, during the oxidation step, chlorides are 
converted to free chlorine, which also absorbs radiation of 253.7 nm.  Care must 
therefore be taken to ensure that free chlorine is absent before the mercury is reduced 
and swept into the cell.  


6.4 Certain volatile organic materials that absorb at this wavelength may also cause 
interference.  A preliminary run without reagents should determine if this type of 
interference is present. 


7) Personnel Qualifications and Responsibilities 


7.1 General Responsibilities - This method is restricted to use by or under the supervision 
of analysts experienced in the method. 


7.2 Analyst - It is the responsibility of the analyst(s) to:  


 
7.2.1 Each must read and understand this SOP and follow it as written. Any 


deviations or non-conformances must be documented and submitted to the 
QA Manager for approval.  


7.2.2 Produce method compliant data that meets all quality requirements using this 
procedure and the Data Reduction, Review and Validation SOP (HN-QS-009).  


7.2.3 Complete the required initial demonstration of proficiency before performing 
this procedure without supervision. 


7.2.4 Complete an ongoing demonstration of proficiency annually when continuing 
to perform the procedure. 


7.2.5 The analysts must submit data for peer or supervisor review. 


7.3 Section Supervisor - It is the responsibility of the section supervisor to: 


 
7.3.1 Ensure that all analysts have the technical ability and have received adequate 


training required to perform this procedure. 
7.3.2 Ensure analysts have completed the required initial demonstration of 


proficiency before performing this procedure without supervision.  
7.3.3 Ensure analysts complete an ongoing demonstration of proficiency annually 


when continuing to perform the procedure. 
7.3.4 Ensure analysts produce method compliant data that meet all quality 


requirements using this procedure and the Data Reduction, Review and 
Validation SOP.  


7.4 Project Manager - It is the responsibility of the Project Manager to ensure that all 
method requirements for a client requesting this procedure are understood by the 
laboratory prior to initiating this procedure for a given set of samples. 


7.5 QA Manager: The QA Manager is responsible for  


 
7.5.1 Approving deviations and non-conformances  
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7.5.2 Ensuring that this procedure is compliant with method and regulatory 
requirements,  


7.5.3 Ensuring that the analytical method and SOP are followed as written through 
internal method and system audits. 


8) Sample Collection, Handling, and Preservation 


8.1 Aqueous samples are collected in 500 mL plastic containers and preserved to a pH of 
<2 with HNO


3
 and stored at 4oC. 


8.2 Unpreserved Samples 


 
8.2.1 Unpreserved samples may have acid preservation added upon receipt. 
8.2.2 Addition of the acid preservation must be documented on the sample receipt 


checklist located in LIMS.   
8.2.3 Samples must be placed on “hold” and cannot be processed within 24 hours 


of acid addition. 
8.2.4 Acid preservation of pH <2 must be verified and documented by the prep 


analyst after the 24 hour hold, prior to sample digestion. 


8.3 Sample digestion must be completed within 28 days of sample collection. 


8.4 Analysis of the sample must be completed within 7 days of sample digestion. 


9) Equipment and Supplies 


9.1 Cetac M-6100A Mercury Analyzer  


9.2 Hotblock (or hotplate) unit, capable of maintaining a temperature of 90-95oC 


9.3 Adjustable pipets, 0.1 – 1.0 ml and 0.5 – 5.0 ml 


9.4 70 ml digestion cups, with 50 mL graduation. 


 
9.4.1 Documentation verifying the volumetric calibration of the digestion vessels 


must be kept on file. 
9.4.2 If documentation cannot be obtained from the supplier, the follow procedure 


must be followed: 
 
9.4.2.1 Three cups will be verified for volume from each lot with an 


acceptable deviation of 2% (+/- 1mL). 
9.4.2.2 DI water will be poured into a cup, which has been tared for mass, 


to the 50mL mark. 
9.4.2.3 The weight of the water to the 50mL mark will be recorded and 


kept on file. 
9.4.2.4 If any of the 3 cups demonstrates unacceptable results, the lot may 


not be used for volumetric determinations. 


9.5 Adjustable bottle top dispensers, 1.0 – 10.0 ml 


10) Standards and Reagents 


10.1 ASTM Type II water (DI).  


10.2 Sulfuric acid (H
2
SO


4
), concentrated (36N), ACS grade. 
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10.3 Hydrochloric acid (HCl), concentrated, Trace Metals grade 


10.4 Nitric acid (HNO
3
), concentrated, Trace Metals grade 


10.5 Stannous chloride, reagent grade or higher 


10.6 Stannous chloride, 10 %  
 


10.6.1 Add 100g stannous chloride and 50ml concentrated H
2
SO


4
 to approximately 


300ml DI water 
10.6.2 Bring


 
to a final volume of 1000ml with DI water. 


10.6.3 This solution should be clear, not cloudy or yellow.  If cloudiness or yellowing 
occur, re-prepare 


10.6.4 Solution is good for 1 week if kept from reacting with open air. 


10.7 Sodium chloride, reagent grade or higher 


10.8 Hydroxylamine hydrochloride, reagent grade or higher 


10.9 Sodium chloride-hydroxylamine hydrochloride solution:  
 


10.9.1 Dissolve 120g of sodium chloride and 120g of hydroxylamine hydrochloride 
in approximately 700ml of DI water. 


10.9.2 Bring to a final volume of 1000ml. 


10.10 Potassium permanganate – mercury analysis grade 


10.11 Potassium permanganate 5% solution (w/v) 
 


10.11.1 Dissolve 125 g of mercury free potassium permanganate in approximately 
700ml of DI water 


10.11.2 Bring to a final volume of 2500ml with DI water 
10.11.3 Ample stirring will be required to solubilize the KMnO4 


10.12 Potassium persulfate, reagent grade or higher 


10.13 Potassium persulfate 5% solution (w/v) 
 


10.13.1 Dissolve 50g potassium persulfate in approximately 500ml of DI water 
(heating and stirring may be needed to aid in dissolution.) 


10.13.2 Bring to a final volume of 1000ml with DI water 


10.14 Stock Mercury Calibration Standard, 1000 ug/ml- purchase as certified standard 


10.15 Intermediate Hg Calibration Standard, 10.0 ug/ml   
 


10.15.1 Pipet 1.0 ml of 1000 ug/ml Stock Mercury Standard into a 100ml volumetric 
flask containing ~ 50ml acidified DI water and dilute to volume. 


10.15.2 Transfer to a clean appropriately labeled container. 
10.15.3 Prepare every six months or if degradation is noted.  The expiration date 


must not exceed that of the parent stock. 


10.16 Working Hg Calibration Standard, 0.1 ug/ml  
 


10.16.1 Pipet 1.0 ml of 10.0 ug/ml Intermediate Hg Cal Standard (10.15) into a 100 
ml volumetric flask containing ~ 50ml acidified DI water 


10.16.2 Bring to volume.  
10.16.3 Prepare fresh weekly.  
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10.17 Stock Mercury Calibration Verification Standard, 1000 ug/ml - purchase as certified 
standard, from a second source supplier  


 
10.17.1 Working Hg Calibration Verification Standard @ 0.1ug/ml: Using the stock 


second source standard, follow the procedures established in Section 10.15 
and 10.16. 


10.18 Mercury Initial Calibration Verification Standard (ICV) @ 2.0ug/L:   
 
10.18.1 Prepare the under the same conditions as the 2.0ug/L calibration point in 


Table 11.1 utilizing the the Working Calibration Verification Standard 
(10.17.1). 


10.19 Mercury Continuing Calibration Verification Standard (also called Instrument 
Performance Check or IPC) @ 2.0 ug/L:  
 
10.19.1 Dilute 1 ml of the Working Calibration Standard (10.16) to 50 ml with DI 


water. 


10.20 Mercury Low-Level Continuing Calibration Verification Standard (CRDL) @ 0.2 ug/L 
 
10.20.1 Dilute 100 uL of the Working Calibration Standard (10.16) to 50 ml with DI 


water. 


10.21 Mercury LCS @ 2.0 ug/L:  
 
10.21.1 Place a 50 ml aliquot of DI water in a 70 ml digestion cup and spike with 1.0 


ml of the 0.1 ug/ml Working Standard (10.16). 


10.22 Mercury MS/MSD @ 2.0 ug/L:  
  
10.22.1 Place a 50 ml aliquot of sample in a 70 ml digestion cup and spike with 2.0 ml 


of the 0.1 ug/ml Verification Standard (10.17.1). 


11) Method Calibration 


11.1 Mercury Calibration Curve Standards, 0 - 4.0 ug/L: Volume additions of the standards 
are made using volume calibration verified pipets.  


 
Table 11.1:  Calibration Curve Preparation  


Calibration Curve Levels, 
ug/L Hg 


0 0.2 
 


0.5 1.0 2.0 4.0 


ml of 0.1 ug/ml Hg  added 
(10.16) 


0 0.10 0.25 0.50 1.0 2.0 


ml of Sulfuric Acid (10.2) 2.5 2.5 2.5 2.5 2.5 2.5 
ml of Nitric Acid (10.4) 1.25 1.25 1.25 1.25 1.25 1.25 


ml of 5% KMnO4 
(10.11) 


7.5 7.5 7.5 7.5 7.5 7.5 


ml of 5% K2S2O8 
(10.13) 


4.0 4.0 4.0 4.0 4.0 4.0 


ml of Hydroxylamine-HCl/NaCl 
(10.9) 


3.0 3.0 3.0 3.0 3.0 3.0 


Final Vol w/DI (ml) 50 50 50 50 50 50 
 


 Note: The analyst may utilize additional standards as needed to extend the 
calibration range. 
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11.2 The calibration curve is prepared without digestion. 


11.3 CETAC M6100A: 
 
11.3.1 Must use the Linear Regression mode of analysis for establishment of the 


initial calibration 
11.3.2 Response of the instrument will be averaged from a minimum of 3 replicate 


readings.   The %RSD for the readings shall be <5% for all concentrations 
greater than or equal to the low calibration point. 


11.3.3 Will plot a calibration curve and determine the slope, intercept and the 
correlation coefficient, r.  


11.3.4 The curve must generate an "r" of 0.995 or better for acceptance.  
11.3.5 The stored calibration curve information will calculate the mercury 


concentration in all samples analyzed after the acceptance of the curve.   


11.4 An ICV standard (10.18) must be analyzed with each new calibration.  Acceptance 
criteria are 90-110% of the spiked concentration.  This standard is not digested. 


11.5 An IPC/CCV standard (10.19) must be analyzed with each new calibration.  The IPC 
must be analyzed immediately following the ICB with acceptance criteria of 95-105% of 
the spiked concentration.  The CCV must then be read after each 10 subsequent 
samples and at the end of the sequence with acceptance criteria of 90-110% of the 
spiked concentration.  This standard is not digested. 


11.6 A CRDL standard (10.20) must be analyzed immediately following the IPC/CCV 
standard.  Acceptance criteria are 60-140% of the spiked concentration.  This standard 
is carried through the digestion process, daily, when client samples are to be analyzed. 


11.7 A Continuing calibration blank (CCB) must be analyzed immediately following the CRDL 
standard.  This blank is used to demonstrate instrument cleanliness.  Refer to section 
16.5.5 for acceptance criteria. 


12) Sample Preparation/Analysis 


12.1 Sample Preservation 


 
12.1.1 If acid preservation was added at time of receipt, the analyst must ensure that 


the appropriate holding time (>24 Hours) was achieved prior to starting the 
digestion process (see Section 8.2). 


12.1.2 If acid preservation was added at time of receipt, the analyst must ensure that 
the proper pH has been achieved prior to commencing the digestion process. 


12.2 Sample Preparation:  
 


12.2.1 Transfer 50 ml of a thoroughly mixed representative sample (or standard, 
LCS, etc.) to a 70 ml digestion cup.  


12.2.2 Add 2.5 ml conc H
2
SO


4
, 1.25 ml conc HNO


3
, and 7.5 ml potassium 


permanganate solution.  Mix between each addition. The purple potassium 
permanganate solution color must persist for at least 15 minutes. If, not, add 
an additional 3.0 ml of potassium permanganate. If a sample still consumes 
the potassium permanganate, discard the sample and perform necessary 
dilutions.  


12.2.3 Add 4 ml of 5% potassium persulfate and heat for 2 hr. at 90-95oC. Place a 
ribbed watchglass on the samples during digestion. 


12.2.4 Remove cups from digestion unit and cool to room temperature.  
12.2.5 Add 3 ml hydroxylamine hydrochloride solution.  Mix to clear the 
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permanganate color. 
12.2.6 Bring to a final volume of 50ml with DI.  
12.2.7 Proceed to Section 12.3. 


12.3 Analysis 
 


12.3.1 Transfer about 15 ml of each digestate to an autosampler vial.  
12.3.2 Note: The instrument performs the addition of the stannous chloride solution 


during the automated run. 
12.3.3 Create a sequence table with the CETAC M6100A ALS template and start 


sequence. 
12.3.4 Typical Analytical Sequence:  
 


12.3.4.1 5-Point Initial Calibration curve and a blank  
12.3.4.2 Initial Calibration Verification standard 
12.3.4.3 Initial Calibration Blank   
12.3.4.4 IPC/CCV 
12.3.4.5 CRDL 
12.3.4.6 Continuing Calibration Blank 
12.3.4.7 Method Blank   
12.3.4.8 Laboratory Control Sample   
12.3.4.9 Commercial sample  
12.3.4.10 Matrix spike    
12.3.4.11 Matrix spike duplicate  
12.3.4.12 Commercial samples (5)   
12.3.4.13 IPC/CCV 
12.3.4.14 CRDL 
12.3.4.15 Continuing Calibration Blank 
12.3.4.16 Additional samples or QC (10) 
12.3.4.17 IPC/CCV 
12.3.4.18 CRDL 
12.3.4.19 Continuing Calibration Blank 


13) Troubleshooting 


13.1 See CETAC™ 6100A Hardware Manual for specific troubleshooting guidance. 


14) Data Acquisition  


14.1 Create a prep batch in LIMS.  This information will apply to the final calculations. 


14.2 Concentration data from the Cetac M6100A is downloaded directly into the data entry 
section of LIMS. 


14.3 Dilutions must be entered manually into the LIMS system under the appropriate field 
(DF). 


15) Calculation, and Data Reduction Requirements 


15.1 QC Calculations:  LIMS calculates the percent recovery for various QC samples (MS, 
MSD, LCS) according to the following equations:  
15.1.1 % Recovery, %R (for MS and MSD Samples) 
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Where: 
SSR = Spiked Sample Result (mg/L or mg/kg). 
SR   = Sample Result (unspiked). 
SA   = Spike Amount Added (mg/L or mg/kg). 
 


15.1.2 % Recovery, %R (for standards and LCS) 


Where: 
SSR = Spiked Sample Result (mg/L or mg/kg). 
SA   = Spike Amount Added (mg/L or mg/kg). 
 


15.1.3 RPD (for precision or duplicate evaluation) 


Where: 
SR


1
 = Sample result for duplicate 1. 


SR
2
 = Sample result for duplicate 2. 


16) Quality Control, Acceptance Criteria and Corrective Action 
16.1 Initial Calibration Curve 
 


16.1.1 Utilize 5 standards (minimally) and a blank 
16.1.2 Response of the instrument will be averaged from a minimum of 3 replicate 


readings.   The %RSD for the readings shall be <5% for all concentrations 
greater than or equal to the low calibration point. 


16.1.3 Acceptance Criteria: "r" must be 0.995 or better.  
16.1.4 Must be established daily at a minimum or as required by CCV acceptance 


failure 
16.1.5 ICal Curve Failure Corrective Action:  
 


16.1.5.1 Examine standards and reprocess curve.  
16.1.5.2 If curve continues to fail, check support equipment and review 


instrument maintenance logbooks for possible instrument 
problems. Prepare new standards as necessary and reprocess curve. 


16.1.5.3 All samples associated with a failed initial calibration curve must be 
reprocessed. 


16.2 Initial Calibration Verification (ICV)  
 


16.2.1 Utilize a 2.0 ppb standard prepared from a second source supplier 
16.2.2 Perform after each initial calibration. 
16.2.3 Must meet accuracy criteria of 90-110% of spiked concentration 
16.2.4 ICV Failure Corrective Action: 
  


( ) 100
SRSR½


SRSR
RPD


21


21 ×
+


−
=


( ) 100
SA


SRSSRR% ×
−


=


( )
100


SA


SSR
R% ×=
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16.2.4.1 Examine standards and reprocess curve/verification standard.  
16.2.4.2 If curve continues to fail, check support equipment calibration 


checks and remake standards.   
16.2.4.3 All samples associated with a failed ICV must be reprocessed.  


16.3 Instrument Performance Check (IPC) or Continuing Calibration Verification (CCV) 
 


16.3.1 Prepare from the same source as the associated initial calibration standards, 
whenever a new curve is prepared and as needed thereafter. 


16.3.2 Utilize a 2.0 ppb standard prepared from the primary source 
16.3.3 Analyze after the initial calibration, prior to sample analysis, every ten 


samples thereafter, and at the end of the run.  
16.3.4 Acceptance Criteria 


 
16.3.4.1 The IPC must be analyzed immediately following the ICB with 


acceptance criteria of 95-105% of the spiked concentration.   
16.3.4.2 The CCV must then be read after each 10 subsequent samples and 


at the end of the sequence with acceptance criteria of 90-110% of 
the spiked concentration.     


 
16.3.5 CCV Failure Corrective Action:  
 


16.3.5.1 Examine standard and reprocess IPC-CCV. 
16.3.5.2 If curve continues to fail, check support equipment and process a 


new initial calibration. 
16.3.5.3 All samples associated with a failed IPC-CCV (preceding and 


following) must be re-analyzed. 
16.3.5.4 If the IPC-CCV fails high and all associated samples (preceding and 


following) are non-detect, sample results may be reported if 
appropriately narrated as such. 


16.4 Low-level Continuing Calibration Verification (MRL/CRDL) 
 
16.4.1 Prepare daily from same source as associated initial calibration standards 
16.4.2 Must be processed utilizing the entire digestion procedure 
16.4.3 Utilize a 0.2 ppb standard prepared from the primary source 
16.4.4 Analyze after the initial calibration, prior to sample analysis, every ten 


samples thereafter, and at the end of the run.  
16.4.5 Acceptance Criteria 


 
16.4.5.1 Must meet accuracy criteria of 60-140% the spiked concentration 


 
16.4.6 LLCCV Failure Corrective Action:  
 


16.4.6.1 Examine standard and reprocess CRDL. 
16.4.6.2 If verification continues to fail, check support equipment and 


process a new initial calibration. 
16.4.6.3 All samples associated with a failed CRDL (preceding and following) 


shall be re-analyzed. 
16.4.6.4 If the CRDL fails high and associated samples (preceding or 


following) are non-detect, sample results may be reported if 
appropriately narrated as such. 
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16.5 Blanks (ICB/CCB/MB):  
 


16.5.1 Prepare daily 
16.5.2 Method blanks must be processed utilizing the entire digestion procedure.  
16.5.3 One blank may serve as the ICB and CCB.  If a blank is used interchangeably, 


it must be designated appropriately (i.e., ICB-CCB) and it cannot exceed the 
most restrictive acceptance criteria.   


 
16.5.4 Frequency:  
 


16.5.4.1 ICB, CCB, and MBs must be processed as noted in the analytical 
sequence  


16.5.4.2 One method blank per every batch of 20 or less samples must be 
processed. 


 
16.5.5 Acceptance Criteria:   
 


16.5.5.1 Mercury concentration should be less than the MDL and must be 
less than ½ the PQL. 


  
16.5.6 Corrective Action:  
 


16.5.6.1 If ICB/CCB contamination is indicated, reprocess the blank and 
examine for contamination. 


16.5.6.2 If the blank continues to fail, terminate analysis and correct the 
problem before proceeding.  An acceptable blank must be 
demonstrated before sample analysis resumes. 


16.5.6.3 If blank contamination is indicated, all associated samples (before 
and after) must be reanalyzed. 


16.5.6.4 If MB contamination is indicated, reanalyze the blank and examine 
for contamination. 


16.5.6.5 If the MB continues to fail, re-digest all associated samples. 
16.5.6.6 If MB contamination is indicated and samples cannot be re-


digested, all associated must be reported with a “B” qualifier.   
16.5.6.7 A nonconformance report (NCR) must be issued for any sample 


reporting associated with blank contamination.  
16.5.6.8 If a reported mercury result is more than 10 times the blank 


mercury level, the B flag is not applied to the sample result. 
16.5.6.9 If the sample associated with a contaminated MB is “ND”, the 


sample may be reported if appropriately qualified.   


16.6 Laboratory Control Sample (LCS):  
 


16.6.1 Prepare from the initial calibration working standard at a theoretical 
concentration of 2.0 ppb. 


16.6.2 Process one LCS per batch of 20 or less sample digestions.   
16.6.3 Must meet accuracy performance criteria for outlined in the applicable LIMS 


test code. 
16.6.4 LCS Failure Corrective Action:  
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16.6.4.1 If the LCS does not meet acceptance criteria, all associated samples 
in the analytical batch must be re-digested/reanalyzed. 


16.6.4.2 If the LCS fails high and associated samples are “ND”, they may be 
reported if appropriately narrated.   


16.7 Matrix Spikes (MS/MSD):  
 


16.7.1 Prepare from the initial calibration verification standard at a theoretical value 
of 2 ppb   


16.7.2 Prepare MS/MSD at a 5% frequency for each digestion batch of 20 or less 
samples if Method 7470A is required.  


16.7.3 Prepare MS/MSD at a 10% frequency for each digestion batch of 20 or less 
samples if EPA Method 245.1 is required. 


16.7.4 MS/MSD Recovery Criteria:   
 


16.7.4.1 Must meet accuracy performance criteria as outlined in the 
applicable LIMS test code. 


16.7.4.2 If the spike results or the spike duplicate results are outside the 
acceptance limits, evaluate against the LCS results to determine 
whether a matrix effect is present or if laboratory error is 
suspected. (The LCS must fall within acceptance criteria in order for 
the data to be accepted.) 


16.7.4.3 If laboratory error is suspected, all associated samples must be re-
digested/reanalyzed.  If samples cannot be re-processed, the 
associated data must be qualified and narrated as to potential bias.  


16.8 Sample Duplicate or Matrix Spike Duplicate  
 


16.8.1 Unless specified otherwise by project requirements, a matrix spike duplicate 
(MSD) may be processed in place of a sample duplicate. 


16.8.2 Duplicates must be analyzed on a frequency of one per 10 or less samples for 
EPA 245.1 and one per 20 or less for SW-846 7470A. 


16.8.3 If insufficient sample is available for a duplicate analysis, a duplicate on a 
sample analyzed in a previous batch may be performed.   


16.8.4 Acceptance Criteria:  
 


16.8.4.1 Must meet precision performance criteria outlined in the applicable 
LIMS test code. 


 
16.8.5 Duplicate Failure Corrective Action:  
 


16.8.5.1 If the duplicate analysis does not meet acceptance criteria, the 
analytical process must be evaluated for errors. All samples 
associated with failed duplicate analyses should be re-processed. If 
re-processing of the samples cannot be completed, all associated 
results must be qualified and narrated as to potential bias. 


16.9 The Linear Dynamic Range of the instrument must be verified upon instrument set-up 
or after any major modifications to equipment.  Run a standard > 110% of the highest 
point of the calibration.  The LDR must recover within +/- 10% of the expected value.  
Samples may be reported without additional dilution if the observed concentration is 
<90% of an acceptable LDR.  If the observed concentration is >90% of the LDR, the 
sample must be diluted and re-run. 
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16.10 Deviations and non-conforming events must be documented using a Nonconformance 
Corrective Action Report (NCAR) or as an Exception Report item on the laboratory 
review checklist. For mandatory QC failures (e.g. LCS), the NCAR must be submitted to 
the QA Manager via the NCAR database. 


17) Data Records Management 


17.1 All data is stored both electronically and hard copy for a minimum of 7 years. 


17.2 All analytical sequence IDs and standard preparation information must be recorded in 
the Run logbook. Hardcopy computer printouts of analytical sequences and raw data 
must be retained and initialed by the analyst (electronic initials are acceptable). To 
simplify standard tracking, analyst must attempt to use one lot of reagents and 
standards with each batch. 


17.3 Complete all pertinent sections in the respective logbooks.  If not-applicable then line 
out the section.  “Z” out or “X” out all large sections of the worksheet that are not used. 
Make all corrections with single line through, date and initial. Make NO obliterations 
when manually recording data.  


17.4 Logbooks are controlled. Never remove a page from a logbook. Completed logbooks 
are returned to the QA department when filled and no longer needed in the work area. 


17.5 The effective date of this SOP is the date in the header or last signature date, 
whichever is most recent. 


18) Contingencies for Handling Out of Control Data 


18.1 When method required QC exceedances occur, in every case where sample data quality 
are affected, the source of the QC exceedance must be determined, corrected and 
sample reanalysis carried out when possible.  


18.2 When affected sample analysis can not be repeated due to limitations (i.e. sample 
availability, or if reanalysis can only be performed after expiration of a sample hold 
time), the reporting of data associated with exceeded QC data must be appropriately 
flagged and narrated.  This documentation is necessary to define for the data user the 
effect of the error has upon the data quality of the results reported (e.g. E flag data 
indicate the result to be only an estimate).   


18.3 All analysts must report sufficient comments in laboratory data review checklist for 
exceeded QC associated with sample results so that project management can further 
narrate and ensure data qualifiers (flags) are properly assigned to the reported data.   


18.4 NCARs must be issued for QC system exceedances. Matrix interferences are reported 
using the analyte reporting comment section in LIMS or using the Laboratory Data 
review checklist. 


18.5 Logbooks must be reviewed monthly by the department supervisor. 


18.6 Logbooks must be reviewed quarterly by QA Staff. 


18.7 The QA Staff performs periodic audits to evaluate compliance with this SOP.  


19) Method Performance 


19.1 Initial Demonstration of Proficiency- Each analyst must perform an initial 
demonstration of proficiency on a method and matrix basis with a successful analysis 
of four LCS where acceptable precision and accuracy are generated. The accuracy 
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component must fall within LCS criteria. The precision component must be less than 
20% for duplicate RPD data.  


19.2 The Linear Dynamic Range of the instrument must be verified upon instrument set-up 
or after any major modifications to equipment.  Run a standard > 110% of the highest 
point of the calibration.  The LDR must recover within +/- 10% of the expected value.  
Samples may be reported without additional dilution if the observed concentration is 
<90% of an acceptable LDR.  If the observed concentration is >90% of the LDR, the 
sample must be diluted and re-run. 


19.3 Method Detection Limits (MDLs) must be determined on an annual basis (at minimum) 
or whenever major modifications are performed. 


19.4 Performance evaluation samples are processed periodically to assess method 
performance.  


20) Summary of Changes 
 
Table 20.1 Summary of Changes 


Revision 
Number 


Effective 
Date 


Document 
Editor 


Description of Changes 


R08 9/1/2013 CES Reformatting.  Changes to Calibration Procedure. 
R09 10/1/2014 CES Addition of protocol for the certification of 


digestion cup volume.  Addition of RSD criteria 
for replicate readings.  Addition of LDR. 


21) References and Related Documents 


21.1 U.S. Environmental Protection Agency, “Method 7470A Mercury in Liquid Waste (Manual 
Cold-Vapor Technique)”, Test Methods for Evaluating Solid Waste Physical/Chemical 
Methods, Update III, June 13, 1997. 


21.2 U.S. Environmental Protection Agency, “Determination of Mercury in Water by Cold 
Vapor Absorption Spectrometry, Method 245.1, Revision 3” 


21.3 Cetac M6100A Mercury Analyzer Operators Manual, March 1997, Version 1.2   


21.4 Cetac M6100A Mercury Analyzer Software Manual, October 1998, Version 1.5  


21.5 Mercury Digestion with the Environmental Express Hot Block, Environmental Express, 
490 Wando Park Blvd, Mt. Pleasant, SC 29464 


21.6 ALS Environmental Quality Assurance Manual, Revision (most current) 
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MERCURY - SOLIDS 


1) Scope and Applicability 


1.1 This SOP is applicable to the determination of mercury in solid matrices. 


1.2 This SOP is based upon and compliant with methods SW-846 7471A/B. 


1.3 The reporting limit for this method is outlined in the LIMS test code. 


2) Summary of Procedure 
2.1 Prior to analysis, a sample aliquot is prepared according to the digestion procedure 


described in this method.  


2.2 After preparation, the Cetac M-6100A Mercury Analyzer is utilized to determine 
mercury concentration.  


 
2.2.1 The M-6100A Mercury Analyzer is specifically designed to measure trace 


levels of mercury in aqueous solution by Cold Vapor Atomic Absorption 
Spectrometry (CVAAS).  The M-6100A incorporates a 4-channel peristaltic 
pump, Stannous Chloride Reactor (SRCC), a Gas-Liquid Separator (GLS), a 
Nafion dryer, long-path (220mm) sample and reference double-beam 
absorbance cells, a stabilized Hg vapor lamp, dual high performance silicon 
detectors, internal A/D (Analog-to-Digital) conversion, high-rate data 
sampling, on-board DSP (Digital Signal Processing), and the ASX-510 Auto 
Sampler to form an automated, integrated sampling and analysis system. 


3) Definitions 


3.1 Laboratory Control Sample (LCS): An analyte-free matrix spiked with known 
concentrations of all target analytes. This is used to evaluate and document laboratory 
method performance. 


3.2 Matrix: The component or substrate (e.g., surface water, groundwater, soil) which 
contains the analyte of interest.  


3.3 Matrix Spike (MS): An aliquot of background sample spiked with a known 
concentrations of all target analytes. The spiking occurs prior to sample preparation 
and analysis. A matrix spike is used to assess the bias of a method in a given sample 
matrix.  


3.4 Matrix Spike Duplicate (MSD): A duplicate aliquot of the background sample spiked 
with a known concentrations of all target analytes. Spiking occurs prior to sample 
preparation and analysis. The MS/MSD pair are used to assess precision and bias of a 
method in a given sample matrix.  


3.5 Method Blank: An analyte-free matrix to which all reagents are added in the same 
volumes or proportions as used in sample processing. The method blank is carried 
through the complete sample preparation and analytical procedure. The method blank 
is used to document contamination resulting from the analytical process.  


3.6 Standard Curve: A plot of concentrations of known analyte standards versus the 
instrument response to the analyte. Calibration standards are prepared by successively 
diluting a standard solution to produce working standards that cover the working 
range of the instrument. Standards are prepared at the frequency specified in the 
calibration section of the method. Calibration standards are prepared using the same 
type of acid or solvent and at the same concentration as will result in the samples 
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following sample preparation. This is applicable to organic and inorganic chemical 
analyses.  


3.7 Preparation Batch:  A group of 20 or less client samples processed together under the 
same conditions, within an 8 hour working shift. 


3.8 Limit of Quantitation (LOQ): The minimum levels, concentrations, or quantities of a 
target variable (e.g., target analyte) that can be reported with a specified degree of 
confidence. The LOQ is also referred to as the method quantitation limit (MQL) or the 
reporting limit (RL).  


3.9 Limit of Detection (LOD): an estimate of the minimum amount of a substance that an 
analytical process can reliably detect.  An LOD is analyte- and matrix-specific and may 
be laboratory-dependent. 


3.10 Method Detection Limit (MDL) study: the procedure, as described in 40CFR part 136, 
for determining the LOD based on statistical analysis of 7 low-level replicate spikes.  


4) Health and Safety Warnings 
4.1 Lab Safety: Due to various hazards in the laboratory, safety glasses and laboratory 


coats or aprons must be worn at all times while in the laboratory.  In addition, gloves 
and a face shield should be worn when dealing with toxic, caustic, and/or flammable 
chemicals.   


4.2 Chemical Hygiene: The toxicity or carcinogenicity of each reagent used has not been 
precisely defined; however, each chemical used should be treated as a potential health 
hazard. Exposure to laboratory reagents should be reduced to the lowest possible 
level. The laboratory maintains a current awareness file of OSHA regulations regarding 
the safe handling of the chemicals specified in this method. A reference file of data 
handling sheets (MSDS) is available to all personnel involved in these analyses.   


4.3 Waste Management: The principal wastes generated by this procedure are the method-
required chemicals and standards. It is the laboratory's responsibility to comply with 
all federal, state, and local regulations governing waste management by minimizing 
and controlling all releases from fume hoods and bench operations. Compliance with 
all sewage discharge permits and regulations is required.  Laboratory procedures in 
SOP HN-SAF-001, Waste Disposal Procedures, must be followed. 


4.4 Pollution Prevention: The materials used in this method pose little threat to the 
environment when recycled and managed properly. The quantities of chemicals 
purchased should be based on the expected usage during its shelf life. Standards and 
reagents should be prepared in volumes consistent with laboratory use to minimize 
the volume of expired standards or reagents to be disposed.  


5) Cautions 


5.1 Mercury is a known health hazard and can be readily absorbed via the respiratory tract 
in both elemental vapor and mercury compound dusts.  All work must be completed 
under proper ventilation, utilizing appropriate personal protective equipment. 


5.2 This procedure utilizes strong acids and oxidizers. Appropriate personal protective 
equipment shall be used. 
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6) Interferences 
6.1 Potassium permanganate is added to eliminate possible interference from sulfide. 


6.2 Certain volatile organic materials that absorb at this wavelength may also cause 
interference.  A preliminary run without reagents should determine if this type of 
interference is present. 


7) Personnel Qualifications and Responsibilities 


7.1 General Responsibilities - This method is restricted to use by or under the supervision 
of analysts experienced in the method. 


7.2 Analyst - It is the responsibility of the analyst(s) to: 


  
7.2.1 Each must read and understand this SOP and follow it as written. Any 


deviations or non-conformances must be documented and submitted to the 
QA Manager for approval.  


7.2.2 Produce method compliant data that meets all quality requirements using this 
procedure and the Data Reduction, Review and Validation SOP (HN-QS-009).  


7.2.3 Complete the required initial demonstration of proficiency before performing 
this procedure without supervision. 


7.2.4 Complete an ongoing demonstration of proficiency annually when continuing 
to perform the procedure. 


7.2.5 The analysts must submit data for peer or supervisor review. 


7.3 Section Supervisor - It is the responsibility of the section supervisor to: 


 
7.3.1 Ensure that all analysts have the technical ability and have received adequate 


training required to perform this procedure. 
7.3.2 Ensure analysts have completed the required initial demonstration of 


proficiency before performing this procedure without supervision.  
7.3.3 Ensure analysts complete an ongoing demonstration of proficiency annually 


when continuing to perform the procedure. 
7.3.4 Ensure analysts produce method compliant data that meet all quality 


requirements using this procedure and the Data Reduction, Review and 
Validation SOP.  


7.4 Project Manager - It is the responsibility of the Project Manager to ensure that all 
method requirements for a client requesting this procedure are understood by the 
laboratory prior to initiating this procedure for a given set of samples. 


7.5 QA Manager: The QA Manager is responsible for 


  
7.5.1 Approving deviations and non-conformances  
7.5.2 Ensuring that this procedure is compliant with method and regulatory 


requirements,  
7.5.3 Ensuring that the analytical method and SOP are followed as written through 


internal method and system audits. 
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8) Sample Collection, Handling, and Preservation 
8.1 Solid samples are collected in 4 oz. glass containers and stored at 4oC. 


8.2 The holding time is 28 days 


9) Equipment and Supplies 
9.1 Cetac M-6100A Mercury Analyzer.  


9.2 Analytical balance – Satorius ED124S (or equivalent) 


9.3 Hotblock (or hotplate) unit, capable of maintaining a temperature of 90-95oC. 


9.4 Adjustable pipets, 0.1 – 1.0 ml and 0.5 – 5.0 ml 


9.5 70 ml digestion cups, verified for volume. 


9.6 Teflon chips (mercury free) 


10) Standards and Reagents 


10.1 ASTM Type II water (DI).  


10.2 Sulfuric acid (H
2
SO


4
), concentrated (36N), ACS grade. 


10.3 Hydrochloric acid (HCl), concentrated, Trace Metals grade 


10.4 Nitric acid (HNO
3
), concentrated, Trace Metals grade 


10.5 Stannous chloride, reagent grade or higher 


10.6 Stannous chloride, 10 %  
 


10.6.1 Add 100g stannous chloride and 50ml concentrated H
2
SO


4
 to approximately 


300ml DI water 
10.6.2 Bring


 
to a final volume of 1000ml with DI water. 


10.6.3 This solution should be clear, not cloudy or yellow.  If cloudiness or yellowing 
occur, re-prepare 


10.6.4 Solution is good for 1 week if kept from reacting with open air. 


10.7 Sodium chloride, reagent grade or higher 


10.8 Hydroxylamine hydrochloride, reagent grade or higher 


10.9 Sodium chloride-hydroxylamine hydrochloride solution:  
 


10.9.1 Dissolve 120g of sodium chloride and 120g of hydroxylamine hydrochloride 
in approximately 700ml of DI water. 


10.9.2 Bring to a final volume of 1000ml. 


10.10 Potassium permanganate – mercury analysis grade 


10.11 Potassium permanganate 5% solution (w/v) 
 


10.11.1 Dissolve 125 g of mercury free potassium permanganate in approximately 
700ml of DI water 


10.11.2 Bring to a final volume of 2500ml with DI water 
10.11.3 Ample stirring will be required to solubilize the KMnO4 
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10.12 Potassium persulfate, reagent grade or higher 


10.13 Potassium persulfate 5% solution (w/v) 
 


10.13.1 Dissolve 50g potassium persulfate in approximately 500ml of DI water 
(heating and stirring may be needed to aid in dissolution.) 


10.13.2 Bring to a final volume of 1000ml with DI water 


10.14 Aqua Regia 
10.14.1 Prepare aqua regia fresh before use. 
10.14.2 Carefully add 1 part Nitric Acid (10.4) to 3 parts Hydrochloric Acid (10.3) 
10.14.3 Estimate the amount needed to be prepared based on the number of samples 


to be processed.  Always maintain the 1:3 HNO3:HCl ratio. 
10.14.4 Discard any portion of aqua regia not utilized via the acid waste stream. 


10.15 Stock Mercury Calibration Standard, 1000 ug/ml- purchase as certified standard 


10.16 Intermediate Hg Calibration Standard, 10.0 ug/ml   
 


10.16.1 Pipet 1.0 ml of 1000 ug/ml Stock Mercury Standard into a 100ml volumetric 
flask containing ~ 50ml acidified DI water and dilute to volume. 


10.16.2 Transfer to a clean appropriately labeled container. 
10.16.3 Prepare every six months or if degradation is noted.  The expiration date 


must not exceed that of the parent stock. 


10.17 Working Hg Calibration Standard, 0.1 ug/ml  
 


10.17.1 Pipet 1.0 ml of 10.0 ug/ml Intermediate Hg Cal Standard (10.16) into a 100 
ml volumetric flask containing ~ 50ml acidified DI water 


10.17.2 Bring to volume.  
10.17.3 Prepare fresh weekly.  


10.18 Stock Mercury Calibration Verification Standard, 1000 ug/ml - purchase as certified 
standard, from a second source supplier  


 
10.18.1 Working Hg Calibration Verification Standard @ 0.1ug/ml: Using the stock 


second source standard, follow the procedures established in Section 10.16 
and 10.17. 


10.19 Mercury Initial Calibration Verification Standard (ICV) @ 2.0ug/L:   
 
10.19.1 Prepare the under the same conditions as the 2.0ug/L calibration point in 


Table 11.1 utilizing the the Working Calibration Verification Standard 
(10.18.1). 


10.20 Mercury Continuing Calibration Verification Standard (also called Instrument 
Performance Check or IPC) @ 2.0 ug/L:  
 
10.20.1 Dilute 1 ml of the Working Calibration Standard (10.17) to 50 ml with DI 


water. 


10.21 Mercury Low-Level Continuing Calibration Verification Standard (CRDL) @ 0.2 ug/L 
 
10.21.1 Dilute 100 uL of the Working Calibration Standard (10.17) to 50 ml with DI 


water. 


10.22 Mercury LCS @ 2.0 ug/L:  
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10.22.1 Place ~0.600g Teflon chips in a 70 ml digestion cup along with 5ml DI water, 
and spike with 1.0 ml of the 0.1 ug/ml Working Calibration Standard (Section 
10.17). 


10.23 Mercury MS/MSD @ 2.0 ug/L:  
  
10.23.1 Place ~0.600g of sample in a 70 ml digestion cup along and spike with 1.0 ml 


of the 0.1 ug/ml Working Verification Standard (Section 10.18.1). 
10.23.2 Spiking must occur prior to the addition of reagents. 


11) Method Calibration 


11.1 Mercury Calibration Curve Standards, 0 - 4.0 ug/L: Volume additions of the standards 
are made using volume calibration verified pipets.  


 
Table 11.1:  Calibration Curve Preparation  


Calibration Curve 
Levels, ug/L Hg 


0 0.2 
 


0.5 1.0 2.0 4.0 


ml of 0.1 ug/ml Hg  
added (10.17) 


0 0.10 0.25 0.50 1.0 2.0 


ml of Sulfuric Acid 
(10.2) 


2.5 2.5 2.5 2.5 2.5 2.5 


ml of Nitric Acid 
(10.4) 


1.25 1.25 1.25 1.25 1.25 1.25 


ml of 5% KMnO4 
(10.11) 


7.5 7.5 7.5 7.5 7.5 7.5 


ml of 5% K2S2O8 
(10.13) 


4.0 4.0 4.0 4.0 4.0 4.0 


ml of Hydroxylamine-
HCl/NaCl 


(10.9) 


3.0 3.0 3.0 3.0 3.0 3.0 


Final Vol w/DI (ml) 50 50 50 50 50 50 
 


 Note: The analyst may utilize additional standards as needed to extend the 
calibration range. 


11.2 The calibration curve is prepared without digestion. 


11.3 CETAC M6100A: 
 
11.3.1 Must use the Linear Regression mode of analysis for establishment of the 


initial calibration 
11.3.2 Instrument response is an average of a minimum of 3 replicates, and must 


have a %RSD <5% for concentrations greater than or equal to the lowest 
calibration point. 


11.3.3 Will plot a calibration curve and determine the slope, intercept and the 
correlation coefficient, r.  


11.3.4 The curve must generate an "r" of 0.995 or better for acceptance.  
11.3.5 The stored calibration curve information will calculate the mercury 


concentration in all samples analyzed after the acceptance of the curve.   


11.4 An ICV standard (10.19) must be analyzed with each new calibration.  Acceptance 
criteria are 90-110% of the spiked concentration.  This standard is not digested. 


11.5 An IPC/CCV standard (10.20) must be analyzed with each new calibration.  The IPC 
must be analyzed immediately following the ICB with acceptance criteria of 95-105% of 
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the spiked concentration.  The CCV must then be read after each 10 subsequent 
samples and at the end of the sequence with acceptance criteria of 90-110% of the 
spiked concentration.  This standard is not digested. 


11.6 A CRDL standard (10.21) must be analyzed immediately following the IPC/CCV 
standard.  Acceptance criteria are 60-140% of the spiked concentration.  This standard 
is carried through the digestion process, daily, when client samples are to be analyzed. 


11.7 A Continuing calibration blank (CCB) must be analyzed immediately following the CRDL 
standard.  This blank is used to demonstrate instrument cleanliness.  Refer to section 
16.5.5 for acceptance criteria. 


12) Sample Preparation/Analysis 


12.1 Sample Preparation:  
 


12.1.1 Transfer approximately 0.600g of a thoroughly mixed representative sample 
(Teflon chips for MB and LCS) to a 70 ml digestion cup.  


12.1.2 Add 5ml DI H
2
O and 5.0ml of aqua regia 


12.1.3 Place samples on the hotblock and heat for 2 minutes.  Remove and allow to 
cool.  


12.1.4 Add 7.5ml of potassium permanganate. 
   
12.1.4.1 The purple potassium permanganate solution color must persist for 


at least 15 minutes.  
12.1.4.2 If, not, add an additional 7.5 ml of potassium permanganate.  
12.1.4.3 If a sample still consumes the potassium permanganate, discard 


the sample and perform necessary dilutions.  
 


12.1.5 Heat for 30 minutes, at 95 +/- 3oC. Record digestion temperature. 
12.1.6 Place a ribbed watch glass on the samples during digestion. 
12.1.7 Remove cups from digestion unit and cool to room temperature.  
12.1.8 Add 3 ml hydroxylamine hydrochloride solution.  Mix to clear the 


permanganate color. 
12.1.9 Bring to a final volume of 50ml with DI.  
12.1.10 Proceed to Section 12.2. 


12.2 Analysis 
 


12.2.1 Allow particulates to settle or filter the digestate through a 0.45um filter. 
12.2.2 Transfer about 15 ml of each digestate to an autosampler vial.  
12.2.3 Note: The instrument performs the addition of the stannous chloride solution 


during the automated run. 
12.2.4 Create a sequence table with the CETAC M6100A ALS template and start 


sequence. 
12.2.5 Typical Analytical Sequence:  
 


12.2.5.1 5-Point Initial Calibration curve and a blank  
12.2.5.2 Initial Calibration Verification standard 
12.2.5.3 Initial Calibration Blank   
12.2.5.4 IPC/CCV 
12.2.5.5 CRDL 
12.2.5.6 Continuing Calibration Blank 
12.2.5.7 Method Blank  
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12.2.5.8 Laboratory Control Sample   
12.2.5.9 Commercial sample  
12.2.5.10 Matrix spike    
12.2.5.11 Matrix spike duplicate  
12.2.5.12 Commercial samples (5)   
12.2.5.13 IPC/CCV 
12.2.5.14 CRDL 
12.2.5.15 Continuing Calibration Blank 
12.2.5.16 Additional samples or QC (10) 
12.2.5.17 IPC/CCV 
12.2.5.18 CRDL 
12.2.5.19 Continuing Calibration Blank 
 


13) Troubleshooting 
13.1 Refer to CETAC M6100A Hardware manual for specific troubleshooting guidance. 


14) Data Acquisition  


14.1 Create a prep batch in LIMS.  This information will apply to the final calculations. 


14.2 Concentration data from the Cetac M6100A is downloaded directly into the data entry 
section of LIMS. 


14.3 Dilutions must be entered manually into the LIMS system under the appropriate field 
(DF). 


15) Calculation, and Data Reduction Requirements 


15.1 QC Calculations:  LIMS calculates the percent recovery for various QC samples (MS, 
MSD, LCS) according to the following equations:  
15.1.1 % Recovery, %R (for MS and MSD Samples) 


Where: 
SSR = Spiked Sample Result (mg/L or mg/kg). 
SR   = Sample Result (unspiked). 
SA   = Spike Amount Added (mg/L or mg/kg). 
 


15.1.2 % Recovery, %R (for standards and LCS) 


Where: 
SSR = Spiked Sample Result (mg/L or mg/kg). 
SA   = Spike Amount Added (mg/L or mg/kg). 
 


15.1.3 RPD (for precision or duplicate evaluation) 


( ) 100
SA


SRSSRR% ×
−


=


( )
100


SA


SSR
R% ×=
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Where: 
SR


1
 = Sample result for duplicate 1. 


SR
2
 = Sample result for duplicate 2. 


16) Quality Control, Acceptance Criteria and Corrective Action 


16.1 Initial Calibration Curve 
 


16.1.1 Utilize 5 standards (minimally) and a blank 
16.1.2 Instrument response is an average of a minimum of 3 replicates, and must 


have a %RSD <5% for concentrations greater than or equal to the lowest 
calibration point. 


16.1.3 Acceptance Criteria: "r" must be 0.995 or better.  
16.1.4 Must be established daily at a minimum or as required by CCV acceptance 


failure 
16.1.5 ICal Curve Failure Corrective Action:  
 


16.1.5.1 Examine standards and reprocess curve.  
16.1.5.2 If curve continues to fail, check support equipment and review 


instrument maintenance logbooks for possible instrument 
problems. Prepare new standards as necessary and reprocess curve. 


16.1.5.3 All samples associated with a failed initial calibration curve must be 
reprocessed. 


16.2 Initial Calibration Verification (ICV)  
 


16.2.1 Utilize a 2.0 ppb standard prepared from a second source supplier 
16.2.2 Perform after each initial calibration. 
16.2.3 Must meet accuracy criteria of 90-110% of spiked concentration 
16.2.4 ICV Failure Corrective Action: 
  


16.2.4.1 Examine standards and reprocess curve/verification standard.  
16.2.4.2 If curve continues to fail, check support equipment calibration 


checks and remake standards.   
16.2.4.3 All samples associated with a failed ICV must be reprocessed.  


16.3 Instrument Performance Check (IPC) or Continuing Calibration Verification (CCV) 
 


16.3.1 Prepare from the same source as the associated initial calibration standards, 
whenever a new curve is prepared and as needed thereafter. 


16.3.2 Utilize a 2.0 ppb standard prepared from the primary source 
16.3.3 Analyze after the initial calibration, prior to sample analysis, every ten 


samples thereafter, and at the end of the run.  
16.3.4 Acceptance Criteria 


 
16.3.4.1 The IPC must be analyzed immediately following the ICB with 


acceptance criteria of 95-105% of the spiked concentration.   
16.3.4.2 The CCV must then be read after each 10 subsequent samples and 


at the end of the sequence with acceptance criteria of 90-110% of 
the spiked concentration.     


 


( ) 100
SRSR½


SRSR
RPD


21


21 ×
+


−
=


Uncontrolled Document







Mercury - Solids 
 HN-MET-006-R07  
 Effective: 10/01/2014 
 Page 10 of 13 


R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  


STANDARD OPERATING PROCEDURE 


16.3.5 CCV Failure Corrective Action:  
 


16.3.5.1 Examine standard and reprocess IPC-CCV. 
16.3.5.2 If curve continues to fail, check support equipment and process a 


new initial calibration. 
16.3.5.3 All samples associated with a failed IPC-CCV (preceding and 


following) must be re-analyzed. 
16.3.5.4 If the IPC-CCV fails high and all associated samples (preceding and 


following) are non-detect, sample results may be reported if 
appropriately narrated as such. 


16.4 Low-level Continuing Calibration Verification (MRL/CRDL) 
 
16.4.1 Prepare daily from same source as associated initial calibration standards 
16.4.2 Must be processed utilizing the entire digestion procedure 
16.4.3 Utilize a 0.2 ppb standard prepared from the primary source 
16.4.4 Analyze after the initial calibration, prior to sample analysis, every ten 


samples thereafter, and at the end of the run.  
16.4.5 Acceptance Criteria 


 
16.4.5.1 Must meet accuracy criteria of 60-140% the spiked concentration 


 
16.4.6 LLCCV Failure Corrective Action:  
 


16.4.6.1 Examine standard and reprocess CRDL. 
16.4.6.2 If verification continues to fail, check support equipment and 


process a new initial calibration. 
16.4.6.3 All samples associated with a failed CRDL (preceding and following) 


shall be re-analyzed. 
16.4.6.4 If the CRDL fails high and associated samples (preceding or 


following) are non-detect, sample results may be reported if 
appropriately narrated as such. 


16.5 Blanks (ICB/CCB/MB):  
 


16.5.1 Prepare daily 
16.5.2 Method blanks must be processed utilizing the entire digestion procedure.  
16.5.3 One blank may serve as the ICB and CCB.  If a blank is used interchangeably, 


it must be designated appropriately (i.e., ICB-CCB) and it cannot exceed the 
most restrictive acceptance criteria.   


 
16.5.4 Frequency:  
 


16.5.4.1 ICB, CCB, and MBs must be processed as noted in the analytical 
sequence  


16.5.4.2 One method blank per every batch of 20 or less samples must be 
processed. 


 
16.5.5 Acceptance Criteria:   
 


16.5.5.1 Mercury concentration should be less than the MDL and must be 
less than ½ the PQL. 


  
16.5.6 Corrective Action:  
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16.5.6.1 If ICB/CCB contamination is indicated, reprocess the blank and 
examine for contamination. 


16.5.6.2 If the blank continues to fail, terminate analysis and correct the 
problem before proceeding.  An acceptable blank must be 
demonstrated before sample analysis resumes. 


16.5.6.3 If blank contamination is indicated, all associated samples (before 
and after) must be reanalyzed. 


16.5.6.4 If MB contamination is indicated, reanalyze the blank and examine 
for contamination. 


16.5.6.5 If the MB continues to fail, re-digest all associated samples. 
16.5.6.6 If MB contamination is indicated and samples cannot be re-


digested, all associated must be reported with a “B” qualifier.   
16.5.6.7 A nonconformance report (NCR) must be issued for any sample 


reporting associated with blank contamination.  
16.5.6.8 If a reported mercury result is more than 10 times the blank 


mercury level, the B flag is not applied to the sample result. 
 
16.5.6.9 If the sample associated with a contaminated MB is “ND”, the 


sample may be reported if appropriately qualified.   


16.6 Laboratory Control Sample (LCS):  
 


16.6.1 Prepare from the initial calibration working standard at a theoretical 
concentration of 2.0 ppb. 


16.6.2 Process one LCS per batch of 20 or less sample digestions.   
16.6.3 Must meet accuracy performance criteria for outlined in the applicable LIMS 


test code. 
16.6.4 LCS Failure Corrective Action:  
 


16.6.4.1 If the LCS does not meet acceptance criteria, all associated samples 
in the analytical batch must be re-digested/reanalyzed. 


16.6.4.2 If the LCS fails high and associated samples are “ND”, they may be 
reported if appropriately narrated.   


16.7 Matrix Spikes (MS/MSD):  
 


16.7.1 Prepare from the initial calibration verification standard at a theoretical value 
of 2 ppb   


16.7.2 Prepare MS/MSD at a 5% frequency for each digestion batch of 20 or less 
samples. 


16.7.3 MS/MSD Recovery Criteria:   
 


16.7.3.1 Must meet accuracy performance criteria as outlined in the 
applicable LIMS test code. 


16.7.3.2 If the spike results or the spike duplicate results are outside the 
acceptance limits, evaluate against the LCS results to determine 
whether a matrix effect is present or if laboratory error is 
suspected. (The LCS must fall within acceptance criteria in order for 
the data to be accepted.) 


16.7.3.3 If laboratory error is suspected, all associated samples must be re-
digested/reanalyzed.  If samples cannot be re-processed, the 
associated data must be qualified and narrated as to potential bias.  
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16.8 Sample Duplicate or Matrix Spike Duplicate  
 


16.8.1 Unless specified otherwise by project requirements, a matrix spike duplicate 
(MSD) may be processed in place of a sample duplicate. 


16.8.2 Duplicates must be analyzed on a frequency of one per 20 or less for SW-846 
7471A/B. 


16.8.3 If insufficient sample is available for a duplicate analysis, a duplicate on a 
sample analyzed in a previous batch may be performed.   


16.8.4 Acceptance Criteria:  
 


16.8.4.1 Must meet precision performance criteria outlined in the applicable 
LIMS test code. 


 
16.8.5 Duplicate Failure Corrective Action:  
 


16.8.5.1 If the duplicate analysis does not meet acceptance criteria, the 
analytical process must be evaluated for possible errors. All 
samples associated with failed duplicate analyses should be re-
processed. If re-processing of the samples cannot be completed, all 
associated results must be qualified and narrated as to potential 
bias.    


16.9 Deviations and non-conforming events must be documented using a Nonconformance 
Corrective Action Report (NCAR) or as an Exception Report item on the laboratory 
review checklist. For mandatory QC failures (e.g. LCS), the NCAR must be submitted to 
the QA Manager via the NCAR database. 


17) Data Records Management 


17.1 All data is stored both electronically and hard copy for 7 years. 


17.2 All analytical sequence IDs and standard preparation information must be recorded in 
the Run logbook. Hardcopy computer printouts of analytical sequences and raw data 
must be retained and initialed by the analyst (electronic initials are acceptable). To 
simplify standard tracking, analyst must attempt to use one lot of reagents and 
standards with each batch. 


17.3 Complete all pertinent sections in the respective logbooks.  If not-applicable then line 
out the section.  “Z” out or “X” out all large sections of the worksheet that are not used. 
Make all corrections with single line through, date and initial. Make NO obliterations 
when manually recording data.  


17.4 Logbooks are controlled. Never remove a page from a logbook. Completed logbooks 
are returned to the QA department when filled and no longer needed in the work area. 


17.5 The effective date of this SOP is the date in the header or last signature date, 
whichever is most recent 


18) Contingencies for Handling Out of Control Data 


18.1 When method required QC exceedances occur, in every case where sample data quality 
are affected, the source of the QC exceedance must be determined, corrected and 
sample reanalysis carried out when possible.  


18.2 When affected sample analysis can not be repeated due to limitations (i.e. sample 
availability, or if reanalysis can only be performed after expiration of a sample hold 
time), the reporting of data associated with exceeded QC data must be appropriately 
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flagged and narrated.  This documentation is necessary to define for the data user the 
effect of the error has upon the data quality of the results reported (e.g. E flag data 
indicate the result to be only an estimate).   


18.3 All analysts must report sufficient comments in laboratory data review checklist for 
exceeded QC associated with sample results so that project management can further 
narrate and ensure data qualifiers (flags) are properly assigned to the reported data.   


18.4 NCARs must be issued for QC system exceedances. Matrix interferences are reported 
using the analyte reporting comment section in LIMS or using the Laboratory Data 
review checklist. 


18.5 Logbooks must be reviewed monthly by the department supervisor. 


18.6 Logbooks must be reviewed quarterly by QA Staff. 


18.7 The QA Staff performs periodic audits to evaluate compliance with this SOP.  


19) Method Performance 


19.1 Initial Demonstration of Proficiency- Each analyst must perform an initial 
demonstration of proficiency on a method and matrix basis with a successful analysis 
of four LCS where acceptable precision and accuracy are generated. The accuracy 
component must fall within LCS criteria. The precision component must be less than 
20% for duplicate RPD data.  


19.2 Method Detection Limits (MDLs) must be determined on an annual basis (at minimum) 
or whenever major modifications are performed. 


19.3 Performance evaluation samples are processed periodically to assess method 
performance.  


20) Summary of Changes 
Table 20.1 Summary of Changes 


Revision 
Number 


Effective 
Date 


Document 
Editor 


Description of Changes 


R06 9/1/13 CES Reformatting.  Changes to Calibration Procedure. 
R07 10/1/14 CES Addition of replicate readings criteria. 


21) References and Related Documents 
21.1 U.S. Environmental Protection Agency, “Method 7471A, Mercury in Solid or Semi-Solid 


Waste (Manual Cold-Vapor Technique)”, Test Methods for Evaluating Solid Waste 
Physical/Chemical Methods, Update III, June 1997. 


21.2  U.S. Environmental Protection Agency, “Method 7471B, Mercury in Solid or Semi-Solid 
Waste (Manual Cold-Vapor Technique)”, Test Methods for Evaluating Solid Waste 
Physical/Chemical Methods, Update IV, February 2007. 


21.3 Cetac M6100A Mercury Analyzer Operators Manual, March 1997, Version 1.2 


21.4 Cetac M6100A Mercury Analyzer Software Manual, October 1998, Version 1.5  


21.5 ALS Environmental Quality Assurance Manual, Revision (most current) 
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PH MEASUREMENT 


1) Scope and Applicability 


1.1 This SOP provides guidance in the pH measurement of aqueous and solid samples.  


1.2 The sensitivity limit for this method is 0.10 pH units. 


2) Summary of Procedure 


2.1 The pH probe is immersed in an aliquot of the sample or the sample extract and the 
resulting pH measured.  


2.2 Meters utilize automatic temperature compensation (ATC) to correct for temperature 
variations in the sample. 


2.3 This SOP is based upon and compliant with EPA 150.1, SM 4500H-B, SW846-9040C, 
SW846-9045D and SW846-9041-WST.  


3) Definitions 


3.1 DI = ASTM Type II laboratory distilled water. 


3.2 Laboratory Control Sample (LCS): An analyte-free matrix spiked with known 
concentrations of all target analytes. This is used to evaluate and document laboratory 
method performance. 


3.3 Sample Duplicate: A separate aliquot of sample, analyzed under the same analytical 
conditions as the parent sample, used to demonstrate the repeatability of the analysis. 


3.4 Matrix: The component or substrate (e.g., surface water, groundwater, soil) which 
contains the analyte of interest. 


3.5 Batch: A group of 20 or less field samples processed during the same analytical period 
(8 hours). Each analytical batch must contain at a minimum a lab control sample, and a 
sample duplicate. 


4) Health and Safety Warnings 


4.1 Lab Safety: Due to various hazards in the laboratory, safety glasses and laboratory 
coats or aprons must be worn at all times while in the laboratory.  In addition, gloves 
and a face shield should be worn when dealing with toxic, caustic, and/or flammable 
chemicals.   


4.2 Chemical Hygiene: The toxicity or carcinogenicity of each reagent used has not been 
precisely defined; however, each chemical used should be treated as a potential health 
hazard. Exposure to laboratory reagents should be reduced to the lowest possible 
level. The laboratory maintains a current awareness file of OSHA regulations regarding 
the safe handling of the chemicals specified in this method. A reference file of data 
handling sheets (MSDS) is available to all personnel involved in these analyses.   


4.3 Waste Management: The principal wastes generated by this procedure are the method-
required chemicals and standards. It is the laboratory's responsibility to comply with 
all federal, state, and local regulations governing waste management by minimizing 
and controlling all releases from fume hoods and bench operations. Compliance with 
all sewage discharge permits and regulations is required.  Laboratory procedures in 
SOP HN-SAF-001, Waste Disposal Procedures, must be followed. 


4.4 Pollution Prevention: The materials used in this method pose little threat to the 
environment when recycled and managed properly. The quantities of chemicals 
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purchased should be based on the expected usage during its shelf life. Standards and 
reagents should be prepared in volumes consistent with laboratory use to minimize 
the volume of expired standards or reagents to be disposed.  


5) Cautions 


5.1 Be knowledgeable of the MSDS information for each chemical used in the procedure. 


6) Interferences 


6.1 Oily or particulate matter adhering to the electrode and reducing the response may 
cause interferences. Gently wiping or rinsing the probe with DI water will usually 
correct this problem. 


6.2 Samples with very low or very high pH may give incorrect readings. The use of a low-
sodium electrode can minimize the error induced by extremely basic samples (pH 
>10).  Readings outside the calibration range should be narrated to possible bias if no 
such probe is utilized. 


6.3 Temperature effects caused by shifts in ionic equilibrium of the sample are eliminated 
through the use of a meter containing a temperature compensator. 


7) Personnel Qualifications and Responsibilities 


7.1 General Responsibilities - This method is restricted to use by or under the supervision 
of analysts experienced in the method. 


7.2 Analyst - It is the responsibility of the analyst(s) to: 


  
7.2.1 Read and understand this SOP and follow it as written. Any deviations or non-


conformances must be documented and submitted to the QA Manager for 
approval.  


7.2.2 Produce method compliant data that meets all quality requirements using 
this procedure and the Data Reduction, Review and Validation SOP (HN-QS-
009).  


7.2.3 Complete the required initial demonstration of proficiency before performing 
this procedure without supervision. 


7.2.4 Complete an ongoing demonstration of proficiency annually when continuing 
to perform the procedure. 


7.2.5 The analysts must submit data for peer or supervisor review. 


7.3 Section Supervisor - It is the responsibility of the section supervisor to: 


 
7.3.1 Ensure that all analysts have the technical ability and have received adequate 


training required to perform this procedure. 
7.3.2 Ensure analysts have completed the required initial demonstration of 


proficiency before performing this procedure without supervision.  
7.3.3 Ensure analysts complete an ongoing demonstration of proficiency annually 


when continuing to perform the procedure. 
7.3.4 Ensure analysts produce method compliant data that meet all quality 


requirements using this procedure and the Data Reduction, Review and 
Validation SOP.  


7.4 Project Manager - It is the responsibility of the Project Manager to ensure that all 
method requirements for a client requesting this procedure are understood by the 
laboratory prior to initiating this procedure for a given set of samples. 
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7.5 QA Manager: The QA Manager is responsible for  


 
7.5.1 Approving deviations and non-conformances  
7.5.2 Ensuring that this procedure is compliant with method and regulatory 


requirements, and  
7.5.3 Ensuring that the analytical method and SOP are followed as written through 


internal method and system audits. 


8) Sample Collection, Handling, and Preservation 
8.1 Sample collection bottles – Plastic or glass, approximately 250 ml. These are 


purchased by the laboratory and meet EPA specifications for sample containers. 


8.2 Samples should be analyzed in the field within 15 minutes of collection, whenever 
possible.  


8.3 Preserve the samples with refrigeration at 4 + 2 °C from the time of collection until 
analysis if a laboratory pH is required. 


8.4 When samples are analyzed past holding time in the laboratory, they must be 
designated as such and appropriately narrated. 


9) Equipment and Supplies 
9.1 pH meter – Mettler Toledo Model Five Easy Plus (or equivalent) 


9.2 pH electrode – Glass combination w/ ATC connection (Mettler LE438 pH or equivalent) 


9.3 Disposable plastic cups 


9.4 Balance capable of weighing accurately to the nearest 0.01g 


9.5 Stir bars 


10) Standards and Reagents 


10.1 Reagent water, Type II 


10.2 Initial calibration pH buffers 1.68, 4.01, and 10.01 (available through commercial 
vendors). 


10.3 Secondary standard buffer 7.00 (available through commercial vendors). 


10.4 Potassium chloride (KCl) – reagent grade or higher 


10.5 Probe Storage Solution, 3.5M KCl 
 
10.5.1 Dissolve 52.19 g KCl (Section 10.4) into 200 ml of reagent water. 
10.5.2 Alternatively, add 1g KCl to 200ml pH 4 buffer for probe storage. 
10.5.3 Change this solution weekly. 


10.6 Potassium hydrogen phthalate (KHP), reagent grade or higher 


10.7 KHP Solution – 0.05M 
 


10.7.1 Add 10.12g of dry KHP to approximately 500 ml of DI water. 
10.7.2 Bring to final volume of 1L  
10.7.3 Transfer to an appropriately labeled bottle. 
10.7.4 This solution is stable for 1 month or until degradation is noted. The 


expiration may not exceed that of its parent. 
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11) Method Calibration 
11.1 Meter Calibration 
 


11.1.1 Establish meter calibration using buffers 1.68, 4.01, and 10.01. 
11.1.2 Ensure the pH probe fill hole is open to atmospheric pressure if using a 


refillable probe. 
11.1.3 Follow the manufacturer’s instructions for pH meter calibration. 


11.2 Mettler Toledo Five Easy Plus Calibration 


 
11.2.1 Select a predefined buffer group (Initial setup and following power failure) 


 
11.2.1.1 Press and hold the MODE/SETUP key until the setup icon appears on 


the display and the MTC temperature blinks. 
11.2.1.2 Press READ to ignore, the current temperature unit blinks, press 


READ to ignore again. 
11.2.1.3 When the current buffer group blinks, the buffers belonging to this 


buffer group appear alternating on the display. 
11.2.1.4 Press the up or down arrow to select another buffer group and 


press READ to confirm your selection. 
11.2.1.5 The meter will automatically exit to the measurement screen. 


 
11.2.2 Place the electrode in the 1.68 buffer solution and press “CAL” 
11.2.3 Allow the reading to stabilize, indicated by the stabilization icon and press 


“READ”.  The 1.68 buffer value is displayed and stored. 
11.2.4 Rinse the electrode with DI water. 
11.2.5 Place the electrode in the 4.01 buffer solution and press “CAL” 
11.2.6 Allow reading to stabilize and press “READ” 
11.2.7 Rinse the electrode with DI water. 
11.2.8 Place the electrode in the 10.01 buffer solution and press “CAL” 
11.2.9 Allow reading to stabilize and press “READ” 
11.2.10 Press “READ” again to store the calibration; the slope will be displayed for 3 


seconds.  Record the slope. 
11.2.11 An acceptable slope for the Electrode is 90-105%.  A slope of 90-94% 


indicates the probe may require maintenance. 
11.2.12 To reject the calibration and start over, press “EXIT” during the 3 second 


display of the slope. 


11.3 VWR Symphony Calibration 


 
11.3.1 Place the electrode in the 1.68 buffer solution and press the “CAL” button. 
11.3.2 The meter will accept the reading as soon as the measurement is stable. 
11.3.3 Rinse the electrode with reagent water and press the “CAL” button and repeat 


using the 4.01 buffer solution. 
11.3.4 Rinse the electrode with reagent water and press the “CAL” button and repeat 


using the 10.01 buffer solution. 
11.3.5 Press the “MEAS” button when the reading is stable.  The slope will then flash 


on the screen.  Record the slope in the pH logbook.   
 


11.3.5.1 Slope must fall between 92-102%. 
11.3.5.2 If outside criteria, repeat the calibration process. 
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11.4 After calibration is complete, a secondary standard 7.00 buffer must be used as the 
initial check standard. Acceptance criteria are a pH of 6.9 – 7.1.  If the check standard 
fails, the meter must be recalibrated. 


11.5 Perform a secondary check (or LCS) with the KHP solution (Section 10.7). 


11.6 Record the buffer BPL identifiers in the associated bench logbook. 


11.7 The pH meter must be calibrated daily and verified (or re-calibrated) after every twenty 
(20) samples.  


12) Sample Preparation/Analysis 
12.1 Lab Control Sample 


 
12.1.1 Determine the pH of an aliquot of the 0.05M KHP solution and report as the 


LCS. 


12.2 Sample Preparation (solid samples): 
 


12.2.1 Thoroughly homogenize an aliquot of sample large enough for the analysis. 
12.2.2 Prepare a 1:1 reagent water extract by weighing 20g of homogenized sample 


and adding 20 ml of reagent water. 
12.2.3 Record amount of solid used in the LIMS prep batch.  Change the final 


volume to maintain the 1:1 proportion of solid:water accordingly. 
12.2.4 Stir the sample continuously for five minutes on a stir plate with a stir bar. 
12.2.5 Let the soil suspension sample stand for 1 hour to settle out the suspended 


particles. Alternatively, the sample may be filtered with the filtrate retained 
for analysis. 


12.2.6 Continue with section 12.3.2 of Sample Analysis. 


12.3 Sample Analysis: 
 


12.3.1 Apply continual gentle mixing to the aqueous sample throughout the 
measurement. 


12.3.2 Ensure the pH probe fill hole is open to atmospheric pressure if using a 
refillable probe 


12.3.3 Immerse the electrode in an aliquot of the sample.  For soils, make sure the 
probe is in the water column and is not in contact with the sediment layer. 


12.3.4 Determine the sample pH. The meter will indicate a stabilized reading as 
soon as the measurement is stable. 


12.3.5 Record the pH value directly from the meter. 
12.3.6 Rinse the electrode with reagent water. 
12.3.7 For aqueous samples, repeat the measurement on a successive aliquot of 


sample. Repeat this procedure until sample values differ by <0.1 pH units. 
12.3.8 If a sample cannot be read on the meter, the unit will flash “9999” or “Error”.  


If this occurs, use pH paper to gain an approximate pH value.   
12.3.9 The use of pH paper is also recommended when the values bounce around 


and do not demonstrate stabilization or a sample is expected to cause harm 
to the pH probe. 


12.4 Probe Storage 
 


12.4.1 When not in use, ensure the probe fill hole is covered with the supplied 
sleeve. 


12.4.2 Store the probe in pH electrode storage solution (10.5). 
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13) Troubleshooting 
13.1 Make sure the electrode is filled with the appropriate solution (if applicable) 


13.2 To remedy an abrupt change in slope try the following maintenance items: 


 
13.2.1 For fat or oil build-up, degrease the membrane with cotton wool soaked in 


either acetone or a soap solution. 
13.2.2 If the sensor membrane has dried out, soak the tip of the electrode in 0.1 M 


HCl overnight. 
13.2.3 If a protein build-up has occurred in the diaphragm, remove deposits by 


soaking the electrode in a HCl/pepsin solution (commercially available) 
13.2.4 If a silver sulfide contamination has occurred, remove deposits by soaking 


the probe in a solution of thiourea (commercially available) 


13.3 For other items, refer to specific hardware manual. 


14) Data Acquisition  


14.1 All data must be recorded in the pH logbook. Batch header information must be filled 
out completely. 


14.2 Aqueous samples should be qualified in the LIMS batch with the "SR01" qualifier in 
order to indicate potential bias due to the hold time deviation. 


14.3 Samples with a pH > 10 should be qualified with the “pH01” qualifier in the LIMS batch 
as to potential bias if a low-sodium electrode is not used in the measurement process. 


15) Calculation, and Data Reduction Requirements 


15.1 Temperature correction is applied automatically by the pH meter.  Results are 
automatically corrected to 25°C. 


16) Quality Control, Acceptance Criteria and Corrective Action 


16.1 Lab Control Samples 
 


16.1.1 Frequency 
 


16.1.1.1 Analyze a LCS with each analytical batch of 20 or fewer samples. 
 


16.1.2 Acceptance  
 


16.1.2.1 The analyzed concentration of the LCS must be within + 10% of the 
value documented in the applicable LIMS test code. 


 
16.1.3 Corrective Action 


 
16.1.3.1 Determine and correct the source of the deviation. 
16.1.3.2 All samples associated with a failed LCS must be re-analyzed. 
 


16.2 Sample Duplicate (Aqueous Analyses) 
 


16.2.1 Frequency  
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16.2.1.1 The duplicate result for each aqueous sample is accomplished 
through the successive reading of an additional aliquot(s) of parent 
sample. 


16.2.1.2 A duplicate result must be reported at a 10% frequency of analysis. 
 


16.2.2 Acceptance 
 


16.2.2.1 The duplicate must be within +0.1 pH units from the parent 
analysis. 


 
16.2.3 Corrective Action 


 
16.2.3.1 Continue to analyze successive aliquots until the +0.1 pH unit 


criteria is achieved. 
16.2.3.2 If stabilization does not occur within the analysis of 3 subsequent 


aliquots, narrate as to potential bias due to analytical drift. 


16.3 Sample Duplicate (Solid Analyses) 
 


16.3.1 Frequency  
 


16.3.1.1 The duplicate result for each solid sample is accomplished through 
the extraction and analysis of an additional aliquot of parent 
sample. 


16.3.1.2 A duplicate result must be reported at a 10% frequency of analysis. 
 


16.3.2 Acceptance 
 


16.3.2.1 The duplicate must be within +0.5 pH units from the parent 
analysis. 


 
16.3.3 Corrective Action 


 
16.3.3.1 Narrate as to potential bias due to improper sample 


homogenization. 


16.4 Deviations and non-conforming events must be documented using a Nonconformance 
Corrective Action Report (NCAR) or as an Exception Report item on the laboratory 
review checklist. For mandatory QC failures (e.g. LCS), the NCAR must be submitted to 
the QA Manager via the NCAR database. 


17) Data Records Management 


17.1 All data is stored both electronically and hard copy for 10 years. 


17.2 All analytical sequence IDs and standard preparation information must be recorded in 
the Run logbook. Hardcopy computer printouts of analytical sequences and raw data 
must be retained and initialed by the analyst (electronic initials are acceptable). To 
simplify standard tracking, analyst must attempt to use one lot of reagents and 
standards with each batch. 


17.3 Complete all pertinent sections in the respective logbooks.  If not-applicable then line 
out the section.  “Z” out or “X” out all large sections of the worksheet that are not used. 
Make all corrections with single line through, date and initial. Make NO obliterations 
when manually recording data.  


17.4 Logbooks are controlled. Never remove a page from a logbook. Completed logbooks 
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are returned to the QA department when filled and no longer needed in the work area. 


17.5 The effective date of this SOP is the date in the header or last signature date, 
whichever is most recent 


18) Contingencies for Handling Out of Control Data 


18.1 When method required QC exceedances occur, in every case where sample data quality 
are affected, the source of the QC exceedance must be determined, corrected and 
sample reanalysis carried out when possible.  


18.2 When affected sample analysis cannot be repeated due to limitations (i.e. sample 
availability, or if reanalysis can only be performed after expiration of a sample hold 
time), the reporting of data associated with exceeded QC data must be appropriately 
flagged and narrated.  This documentation is necessary to define for the data user the 
effect of the error has upon the data quality of the results reported (e.g. E flag data 
indicate the result to be only an estimate).   


18.3 All analysts must report sufficient comments in laboratory data review checklist for 
exceeded QC associated with sample results so that project management can further 
narrate and ensure data qualifiers (flags) are properly assigned to the reported data.   


18.4 NCARs must be issued for QC system exceedances. Matrix interferences are reported 
using the analyte reporting comment section in LIMS or using the Laboratory Data 
review checklist. 


18.5 Logbooks must be reviewed by the department supervisor monthly. 


18.6 Logbooks must be reviewed by the QA staff quarterly.    


19) Method Performance 


19.1 Initial Demonstration of Proficiency- Each analyst must perform an initial 
demonstration of proficiency on a method and matrix basis with a successful analysis 
of four LCS where acceptable precision and accuracy are generated. The accuracy 
component must fall within LCS criteria. The precision component must be less than 
20% for duplicate RPD data.  


19.2 Method Detection Limits (MDLs) must be determined on an annual basis (at minimum) 
or whenever major modifications are performed. 


19.3 Method performance must be verified every six months through participation in 
performance evaluation studies.  


20) Summary of Changes 
 
Table 20.1 Summary of Changes 


Revision 
Number 


Effective 
Date 


Document 
Editor 


Description of Changes 


R05 8/15/13 CES Formatting & Procedural changes in response to external 
audit findings. 


R06 9/15/13 CES Updated KHP solution prep and calibration procedure to 
include 4.00 point. 


R07 02/15/15 CES Addition of Calibration procedure for the Mettler Toledo 
meter. 
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21) References and Related Documents 
21.1 U.S. Environmental Protection Agency, Methods for Chemical Analysis of Waters and 


Wastes, EPA/600/4-79-020, Method 150.1. 


21.2 Standard Methods for Examination of Water and Wastewater 4500H-B, online Edition. 


21.3 Test Methods for Evaluating Solid Waste Physical/Chemical Methods SW-846, Method 
9040C and 9045D. 


21.4 ALS Environmental Quality Assurance Manual Revision (current version) 
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TOXICITY CHARACTERISTIC LEACHING PROCEDURE –  
ZERO HEADSPACE EXTRACTION 


1) Scope and Applicability 


1.1 The TCLP is designed to determine the mobility of both organic and inorganic analytes 
present in liquid, solid, and multiphasic wastes.  


1.2 If a total analysis of the waste demonstrates that individual analytes are not present in 
the waste, or that they are present but at such low concentrations that the appropriate 
regulatory levels could not possibly be exceeded, the TCLP need not be run.  


1.3 If an analysis of any one of the fractions of the TCLP extract indicates that a regulated 
compound is present at a concentration that, after accounting for dilution of the 
extract fraction, is above the regulatory level for that compound, then the waste is 
determined as hazardous.  


1.4 If an analysis of extract obtained using a bottle extractor shows that the concentration 
of any regulated volatile analyte exceeds the regulatory level for that compound, then 
the waste is hazardous and extraction using the ZHE is not necessary.  However, 
extract from a bottle extractor cannot be used to demonstrate that the concentration 
of volatile compounds is below the regulatory level. 


1.5 This procedure is based upon and compliant with SW846 Method 1311. 


2) Summary of Procedure 


2.1 For liquid wastes (i.e., those containing less than 0.5% dry solid material), the waste, 
after filtration through a 0.6 to 0.8 µm glass fiber filter, is defined as the TCLP extract.  


2.2 For wastes containing greater than or equal to 0.5% solids, the liquid, if any, is 
separated from the solid phase and stored for later analysis; the particle size of the 
solid phase is reduced, if necessary. The solid phase is extracted with an amount of 
extraction fluid equal to 20 times the weight of the solid phase.  The extraction fluid 
employed is a function of the alkalinity of the solid phase of the waste.  A special 
extractor vessel is used when testing for volatile analytes. Following extraction, the 
liquid extract is separated from the solid phase by filtration through a 0.6 to 0.8 µm 
glass fiber filter.   


2.3 If compatible, the initial phase of the waste is added to the liquid extract and these 
liquids are analyzed together. If incompatible the liquids are analyzed separately and 
the results are mathematically combined to yield a volume-weighted average 
concentration. 


3) Definitions 


3.1 Organic Free Water: Deionized (DI) reagent water meeting purity characteristics of 
ASTM Type II laboratory distilled water (daily conductivity <1.0 umhos/cm). For 
additional purification before use, the DI water is passed through an activated carbon 
filter.     


3.2 Matrix: The component or substrate (e.g., surface water, groundwater, soil) which 
contains the analyte of interest.   
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3.3 Matrix Spike (MS): An aliquot of sample spiked with a known concentration of target 
analyte(s). The spiking occurs prior to sample preparation and analysis and is used to 
assess the method bias in a given sample matrix.  


3.4 Method Blank: An analyte-free matrix to which all reagents are added in the same 
volumes or proportions as used in sample processing. The method blank is carried 
through the sample preparation and analytical procedure and is used to assess 
contamination resulting from the analytical process.   


4) Health and Safety Warnings 
4.1 Lab Safety: Due to various hazards in the laboratory, safety glasses and laboratory 


coats or aprons must be worn at all times while in the laboratory.  In addition, gloves 
and a face shield should be worn when dealing with toxic, caustic, and/or flammable 
chemicals.   


4.2 Chemical Hygiene: The toxicity or carcinogenicity of each reagent used has not been 
precisely defined; however, each chemical used should be treated as a potential health 
hazard. Exposure to laboratory reagents should be reduced to the lowest possible 
level. The laboratory maintains a current awareness file of OSHA regulations regarding 
the safe handling of the chemicals specified in this method. A reference file of data 
handling sheets (MSDS) is available to all personnel involved in these analyses.   


4.3 Waste Management: The principal wastes generated by this procedure are the method-
required chemicals and standards. It is the laboratory's responsibility to comply with 
all federal, state, and local regulations governing waste management by minimizing 
and controlling all releases from fume hoods and bench operations. Compliance with 
all sewage discharge permits and regulations is required.  Laboratory procedures in 
SOP HN-SAF-001, Waste Disposal Procedures, must be followed. 


4.4 Pollution Prevention: The materials used in this method pose little threat to the 
environment when recycled and managed properly. The quantities of chemicals 
purchased should be based on the expected usage during its shelf life. Standards and 
reagents should be prepared in volumes consistent with laboratory use to minimize 
the volume of expired standards or reagents to be disposed.  


5) Cautions 


5.1 For the ZHE to be acceptable for use, the piston within the ZHE should be able to be 
moved with approximately 15 psi or less.  If it takes more pressure to move the piston, 
the O-rings in the device should be replaced. If this does not solve the problem, the 
ZHE is unacceptable for TCLP analyses.  


5.2 The ZHE should be checked for leaks after every extraction.  If the device contains a 
built-in pressure gauge, pressurize the device to 50 psi, allow it to stand unattended, 
and prior to tumbling recheck the pressure. If the device does not have a built-in 
pressure gauge, pressurize the device to 50 psi, submerge it in water, and check for 
the presence of air bubbles escaping from any of the fittings.  If pressure is lost, check 
all fittings and inspect and replace O-rings, if necessary.  Retest the device.  
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6) Interferences 
6.1 Interferences may occur from a dirty ZHE (Zero Headspace Extractor) device and are 


eliminated by correct cleaning of the apparatus.  All parts of the ZHE vessel should be 
thoroughly cleaned and dried.  The ZHE o-rings should be rinsed with methanol and 
the extraction fluid. 


7) Personnel Qualifications and Responsibilities 


7.1 General Responsibilities - This method is restricted to use by or under the supervision 
of analysts experienced in the method. 


7.2 Analyst - It is the responsibility of the analyst(s) to: 


  
7.2.1 Each must read and understand this SOP and follow it as written. Any 


deviations or non-conformances must be documented and submitted to the 
QA Manager for approval.  


7.2.2 Produce method compliant data that meets all quality requirements using this 
procedure and the Data Reduction, Review and Validation SOP (HN-QS-009).  


7.2.3 Complete the required initial demonstration of proficiency before performing 
this procedure without supervision. 


7.2.4 Complete an ongoing demonstration of proficiency annually when continuing 
to perform the procedure. 


7.2.5 The analysts must submit data for peer or supervisor review. 


7.3 Section Supervisor - It is the responsibility of the section supervisor to: 


 
7.3.1 Ensure that all analysts have the technical ability and have received adequate 


training required to perform this procedure. 
7.3.2 Ensure analysts have completed the required initial demonstration of 


proficiency before performing this procedure without supervision.  
7.3.3 Ensure analysts complete an ongoing demonstration of proficiency annually 


when continuing to perform the procedure. 
7.3.4 Ensure analysts produce method compliant data that meet all quality 


requirements using this procedure and the Data Reduction, Review and 
Validation SOP.  


7.4 Project Manager - It is the responsibility of the Project Manager to ensure that all 
method requirements for a client requesting this procedure are understood by the 
laboratory prior to initiating this procedure for a given set of samples. 


7.5 QA Manager: The QA Manager is responsible for 


  
7.5.1 Approving deviations and non-conformances  
7.5.2 Ensuring that this procedure is compliant with method and regulatory 


requirements,  
7.5.3 Ensuring that the analytical method and SOP are followed as written through 


internal method and system audits. 


8) Sample Collection, Handling, and Preservation 


8.1 All samples shall be collected using an appropriate sampling plan. The TCLP may place 
requirements on the minimal size of the field sample, depending upon the physical 
state or states of the waste and the analytes of concern. An aliquot is needed for 


Uncontrolled Document







TCLP Volatiles - ZHE 
 HN-EXT-005-R04 
 Effective: 10/01/2014 
 Page 4 of 14 


R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  


STANDARD OPERATING PROCEDURE 


preliminary evaluation of percent solids. Another aliquot is needed to actually conduct 
the volatile extraction. Quality control measures may require additional aliquots. 


8.2 Preservatives must not be added to samples before extraction.  Samples may be 
refrigerated unless refrigeration results in irreversible physical change to the waste.  If 
precipitation occurs, the entire sample (including precipitate) should be extracted.   


8.3 When the waste is to be evaluated for volatile analytes, care shall be taken to minimize 
the loss of volatiles.  Samples must be collected and stored in a manner intended to 
prevent the loss of volatile analytes (e.g., samples should be collected in Teflon-lined 
septum capped vials and stored at 4 °C.  Samples should be opened only immediately 
prior to extraction).  


8.4 TCLP extracts should be prepared for analysis and analyzed as soon as possible 
following extraction. Extracts should be preserved for other analytes according to the 
guidance given in the individual analysis methods.  Extracts or portions of extracts for 
organic analyte determinations shall not be allowed to come into contact with the 
atmosphere (i.e., no headspace) to prevent losses.  


 
 
 


 
From Field Collection 


to TCLP Extraction 


 
From TCLP Ext. 
to Prep. Extract. 


 
From Prep. Extract. To 
Determinative analysis 


 
 


Total Time 
 


Volatiles 
 


14 
 


N/A 
 


14 
 


28 


9) Equipment and Supplies 
9.1 Agitation apparatus: The agitation apparatus must be capable of rotating the 


extraction vessel in an end-over-end fashion at 30 + 2 rpm.  


9.2 Zero-Headspace Extraction Vessel (ZHE).  This device is for use only when the waste is 
being tested for the mobility of volatile analytes. The ZHE allows for liquid/solid 
separation within the device, and effectively precludes headspace. This type of vessel 
allows for initial liquid/solid separation, extraction, and final extract filtration without 
opening the vessel.  The vessels shall have an internal volume of 500-600 mL, and be 
equipped to accommodate a 90 mm filter. The devices contain VITON™ O-rings that 
should be replaced frequently. 


 
9.2.1 The device shall be capable of supporting and keeping in place the glass fiber 


filter and be able to withstand the pressure needed to accomplish separation 
(50 psi). NOTE: When it is suspected that the glass fiber filter has been 
ruptured, an in-line glass fiber filter may be used to filter the material within 
the ZHE.  


9.2.2 ZHE Materials of Construction: type 316 stainless steel equipment may be 
used when evaluating the mobility of volatile organics.  


9.3 Filtration Devices:  
 


9.3.1 For preparation of volatiles using the ZHE, the ZHE performs this function.   
9.3.2 For preliminary evaluations, the filter device for the metals/semi-volatiles may 


be used. The filter holder must be capable of supporting a glass fiber filter 
and able to withstand the pressure needed to accomplish separation may be 
used. Suitable filter holders range from simple vacuum units to relatively 
complex systems capable of exerting pressures of up to 50 psi or more.   


9.3.3 For preliminary evaluations only, vacuum filtration can be used for wastes 
with low solids content (<10%) and for highly granular, liquid-containing 
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wastes. All other types of wastes should be filtered using positive pressure 
filtration. 


9.4 Filters shall be made of borosilicate glass fiber, shall contain no binder materials, and 
shall have an effective pore size of 0.6 to 0.8 µm, or equivalent. Pre-filters must not be 
used. Glass fiber filters are fragile and should be handled with care.  


9.5 pH Meters:  The meter should be accurate to + 0.05 units at 25 °C.  


9.6 ZHE Extract Collection Device: Tedlar bag, 1000mL available from Environmental 
Express 


9.7 ZHE Extraction Fluid Transfer Devices: Any device capable of transferring the 
extraction fluid into the ZHE without changing the nature of the extraction fluid is 
acceptable (e.g., a positive displacement or peristaltic pump, a gas tight syringe, 
pressure filtration unit (see Section 9.3.2), or other ZHE device). 


9.8 Laboratory Balance: Any laboratory balance accurate to within + 0.01 grams may be 
used (weight measurements are to be within + 0.1 g.). 


10) Standards and Reagents 


10.1 Reagent grade chemicals shall be used in all tests.  Unless otherwise indicated, it is 
intended that all reagents shall conform to the specifications of the Committee on 
Analytical Reagents of the American Chemical Society, where such specifications are 
available.  Other grades may be used, provided it is first ascertained that the reagent is 
of sufficiently high purity to permit its use without lessening the accuracy of the 
determination.  


10.2 Reagent (DI) Water.  Reagent water is defined as water in which an interferent is not 
observed at or above the method's reporting limit of the analyte(s) of interest. The 
laboratory deionized (DI) water meets the criteria.  


10.3 Hydrochloric acid, concentrated (11-12 N, spec gravity ~1.18), ACS grade 
 


10.3.1 Hydrochloric acid, (1N): add 83 ml of concentrated HCl to 500 ml of DI water 
and dilute to a final volume of 1L using DI water.  


10.4 Nitric acid, concentrated (15-16 N, spec gravity =1.41), ACS grade 
 


10.4.1 Nitric acid (1N), add 64 ml of concentrated HNO3 to 500 ml of DI water and 
dilute to a final volume of 1L using DI water. 


10.5 Sodium hydroxide, ACS reagent grade, either solid pellets (~100 %) or concentrated 
solution (50 % by weight).  


 
10.5.1 Sodium hydroxide (10N), using pellets, dissolve 400 grams of NaOH pellets 


into 500 ml of DI water and dilute to a final volume of 1L using DI water. 
10.5.2 Sodium hydroxide (10N), using 50 % wt solution: dissolve 800 grams of NaOH 


(50 % by wt) into 200 ml of DI water and dilute to a final volume of 1L using 
DI water. 


10.6 Glacial acetic acid, CH
3
CH


2
OOH, ACS reagent grade.  


10.7 Extraction fluid. # 1:  Add 114 mL glacial CH
3
CH


2
OOH to ~18 L of reagent water, add 


128.6 mL of 10N NaOH, and dilute to a volume of 20 liters.  When correctly prepared, 
the pH of this fluid will be 4.93 + 0.05. 


 
10.7.1 NOTE: The extraction fluid should be monitored frequently for impurities. The 
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pH should be checked daily, prior to use to ensure that these fluids are made 
up accurately. If impurities are found or the pH is not within the above 
specifications, the fluid shall be discarded and fresh extraction fluid prepared. 


10.8 Extraction fluid # 2: not required for preparation of volatile extracts using ZHE. 


11) Method Calibration 


11.1 Perform support equipment calibration checks (balances, pH meter, etc.) as required 
for daily use. 


12) Sample Preparation/Analysis 


12.1 Perform preliminary evaluations on a minimum 100 gram aliquot of waste. This aliquot 
may not be used to prepare the ZHE volatile extract. The preliminary evaluations 
include:  


 
12.1.1 Determine the percent solids;  
12.1.2 Determine whether the waste contains insignificant solids and is, therefore, 


its own extract after filtration;  
12.1.3 Determine whether the solid portion of the waste requires particle size 


reduction 


12.2 Determination of percent solids:  Percent solids are defined as that fraction of a waste 
sample (as a percentage of the total sample) from which no liquid may be forced out 
by an applied pressure, as described:  


 
12.2.1 If the waste will obviously yield no liquid when subjected to pressure filtration 


(i.e., is ~100% solids), proceed to Section 12.7;  
12.2.2 If the sample is liquid or multiphasic, a liquid/solid separation is required to 


make the preliminary determination of percent solids. This involves use of a 
filtration device described in the next section 


12.3 Filtration to determine % Solids: 
 


12.3.1 Pre-weigh the filter and the container that will receive the filtrate.  
12.3.2 Assemble the filter holder and filter following the manufacturer's instructions.  
12.3.3 Place the filter on the support screen and secure.  
12.3.4 Weigh out a subsample of the waste (100 gram minimum) and record the 


weight.  
12.3.5 Allow slurries to stand to permit the solid phase to settle. Wastes that settle 


slowly may be centrifuged prior to filtration. Centrifugation is to be used only 
as an aid to filtration.  If used, the liquid should be decanted and filtered 
followed by filtration of the solid portion of the waste through the same 
filtration system.  


12.3.6 Quantitatively transfer the waste sample to the filter holder (liquid and solid 
phases). Spread the waste sample evenly over the surface of the filter.  


12.3.7 NOTE: If waste material (>1% of original sample weight) has obviously adhered 
to the container used to transfer the sample to the filtration apparatus, 
determine the weight of this residue and subtract it from the sample weight 
determined in Section 12.3.11 to determine the weight of the waste sample 
that will be filtered.  


12.3.8 Gradually apply vacuum or gentle pressure of 1-10 psi, until air or 
pressurizing gas moves through the filter.  If this point is not reached under 
10 psi, and if no additional liquid has passed through the filter in any 2 
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minute interval, slowly increase the pressure in 10 psi increments to a 
maximum of 50 psi. After each incremental increase of 10 psi, if the 
pressurizing gas has not moved through the filter, and if no additional liquid 
has passed through the filter in any 2 minute interval, proceed to the next 10 
psi increment.  When the pressurizing gas begins to move through the filter, 
or when liquid flow has ceased at 50 psi (i.e., filtration does not result in any 
additional filtrate within any 2 minute period), stop the filtration.  


12.3.9 NOTE: Instantaneous application of high pressure can degrade the glass fiber 
filter and may cause premature plugging.  


12.3.10 The material in the filter holder is defined as the solid phase of the waste, and 
the filtrate is defined as the liquid phase.  


12.3.11 Weigh the filtrate and its container and record the weight.  
12.3.12 Determine the weight of the filtrate by subtracting the weight of the container 


from the total weight of the filtrate-filled container. 
12.3.13 Determine the weight of the solid phase by subtracting the weight of the 


filtrate phase from the weight of the total waste.  
12.3.14 Record the weight of the liquid and solid phases.   
12.3.15 Calculate and record the percent solids as follows:  
12.3.16 Percent solids = [Solid phase wt, g / Total wt of waste, g ]  X 100   


12.4 If the % solids are < 0.5 %, then TCLP extraction is not performed and the filtered liquid 
is considered the TCLP extract. 


12.5 If the % solids are > 0.5 %, proceed with step 12.6 below. If liquid is entrained within 
the sample filter, perform the following for the percent solids determination: 


 
12.5.1 Remove the solid phase and filter from the filter apparatus.  
12.5.2 Dry the filter and solid phase at 100 ± 20°C until two successive weightings 


yield the same value within ± 1%.  
12.5.3 Record the final weight. 
12.5.4 Calculate and record the % dry solids using the following equation: 


 
% dry solids   =    [A – B] x 100 /  C  


Where: 
  A = (Weight of dry waste + filter) 


B = tared weight of filter 
C = Initial weight of waste 


 


12.6 Determination of Particle Size Reduction: Note: Sieving of the waste for volatiles is not 
recommended. The use of an appropriately graduated ruler is acceptable. If reduction 
of the solid phase is necessary, exposure of the waste to the atmosphere should be 
limited as much as possible. The method used to reduce the particle size must not 
generate heat in and of itself.  


 
12.6.1 NOTE:  If a sieve is utilized for particle size reduction, an Equipment Blank 


must be processed to ensure adequate cleaning of the device between 
samples. 


12.7 Preparation of the ZHE Extraction Vessel   
 


12.7.1 Place the ZHE piston within the body of the ZHE (remember to wet the piston 
O-rings slightly with extraction fluid).  


12.7.2 If a sample size requirement is known, adjust the piston to a height that will 
minimize the distance the piston will have to move once the ZHE is charged 
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with sample. Secure the bottom gas inlet / outlet flange onto the ZHE body 
according to the manufacturer instructions. 


12.7.3 Place a glass fiber filter between the support screens and place the top liquid 
inlet / outlet flange and set both aside.  


12.7.4 Remember that after the determination of % solids, use a second aliquot of 
the waste to generate the volatile analysis extract.  


12.8 Determination of Weight of Waste Charged to ZHE  
 


12.8.1 Sample is ~100% Solid as Determined in 12.2  
 


12.8.1.1 Weigh out a sub-sample (20 gram maximum) of the waste to the 
nearest 0.1 g and record the weight. Adjust particle size if 
necessary. Transfer the sample to the ZHE.  


12.8.1.2 Secure the filter and support screens onto the top flange of the 
device and secure the top flange to the ZHE body.  


12.8.1.3 Tighten all ZHE fittings and place the device in the vertical position 
(gas inlet/outlet flange on the bottom).  


12.8.1.4 Attach the compressed air line to the gas inlet/outlet valve (on the 
bottom flange). With the liquid inlet/outlet valve (on top flange) 
open, begin applying pressure (1-10 psi) to force all headspace out 
of the ZHE device.  


12.8.1.5 Close the liquid inlet / outlet valve. Discontinue pressure to the 
piston. Determine the volume of extraction fluid #1 to add to the 
ZHE as follows:  


12.8.1.6 Volume of Ext. Fluid #1 =   20 x wt. of waste in ZHE   
12.8.1.7 Go to step 12.9.  


 
12.8.2 Sample is < 0.5 % Solids  


 
12.8.2.1 If the waste contains < 0.5 percent solids, the liquid portion of the 


waste after filtration is defined as the TCLP extract.  
12.8.2.2 Quantitatively transfer sufficient sample to provide for volatile 


analysis, quickly to the ZHE (approximately 100-200 mL).  
12.8.2.3 Secure the filter and support screens onto the top flange of the 


device and secure the top flange to the ZHE body. Tighten all ZHE 
fittings and place the device in the vertical position with the gas 
inlet/outlet flange on the bottom. Do not attach the extraction 
collection device to the top plate.  


12.8.2.4 Attach the compressed air line to the bottom gas inlet/outlet valve. 
With the top liquid inlet/outlet valve open, begin applying pressure 
(1-10 psi) to force all headspace out of the ZHE device.  


12.8.2.5 At the first appearance of liquid from the liquid inlet / outlet valve, 
quickly close the valve and discontinue pressure.  


12.8.2.6 Attach the luer-lock Tedlar bag transfer line to the luer-lock fitting 
on the top of the extractor. 


12.8.2.7 Open the extractor valve slowly, as to allow sample to fill the 
transfer line.  Replace all air in the transfer line with sample. 


12.8.2.8 Attach the transfer line to the fitting on the Tedlar bag.  Open the 
valve on the bag and open the valve on the extractor to transfer 
sample to the Tedlar bag. 
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12.8.2.9 Collect sufficient sample in the Tedlar bag to perform volatiles 
analysis.  Close both valves when sufficient sample has been 
collected. 


12.8.2.10 Detach the transfer line from the ZHE and Tedlar bag.   
Appropriately label the Tedlar bag and provide to the volatiles 
department for storage and analysis. 


12.8.2.11 Disassemble and clean the ZHE device. Discard the filter and 
suspended solids. 


 
12.8.3 Sample is > 0.5% Solids but < 5% Solids  


 
12.8.3.1 Follow steps in section 12.7, then pre-weigh a Tedlar bag collection 


container, record the weight and set aside.  
12.8.3.2 Weigh a 500 gram sub-sample to the nearest 0.1 grams and quickly 


transfer it to the ZHE.  
12.8.3.3 Secure the filter and support screens onto the top of the ZHE body 


and place the top flange to the ZHE body. Tighten all ZHE fittings 
and place the ZHE in the vertical position with the gas inlet/outlet 
on the bottom.  Do not attach the extraction collection device to 
the top plate.  
Attach the compressed air line to the gas inlet/outlet valve at the 
bottom. With the liquid inlet / outlet valve at the top flange, open 
and begin applying pressure (1-10 psi) to force all headspace out of 
the ZHE.  As soon as liquid begins to escape from the top inlet / 
outlet valve, quickly close the valve and discontinue pressure.  


12.8.3.4 Attach the evacuated pre-weighed Tedlar bag to the top inlet / 
outlet valve and open the valve. Apply 1-10 psi of pressure to force 
the liquid phase of the sample into the Tedlar bag.  If no additional 
liquid has passed through the filter in a two minute interval 
following the initial pressurization of the vessel, slowly increase the 
pressure by an increment of 10 psi and apply the two minute 
interval at this pressure.   


12.8.3.5 When liquid flow has ceased such that continued pressure filtration 
at 50 psi does not result in any additional filtrate within a 2 minute 
period, stop the filtration.  Close the liquid inlet / outlet valve and 
discontinue pressure to the piston. 


12.8.3.6 Disconnect the Tedlar bag from the inlet / outlet valve. Weigh the 
Tedlar bag containing the filtrate.   


12.8.3.7 The material remaining in the ZHE is defined as the solid phase and 
the filtrate is the liquid phase.  


12.8.3.8 NOTE: Some wastes, such as oily wastes and some paint wastes, 
will obviously contain some material that appears to be a liquid. If 
after applying pressure, such a material does not filter, then the 
material within the filtration device is defined as a solid and is 
carried through the TCLP extraction as a solid. 


12.8.3.9 Determine the weight of the filtrate by subtracting the weight of the 
bag from the weight obtained in the step above. 


 
12.8.3.9.1 Wt, g. of filtrate = (Bag + Filtrate) - tared bag wt, g  


 
12.8.3.10 Determine the wt of the solid phase by subtracting the wt of the 


filtrate from the initial weight of the waste placed in the ZHE.  
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12.8.3.10.1 Solid Phase Wt. = Initial Waste wt, g - filtrate wt, g  
 


12.8.3.11 Determine the percent solids of the waste as follows:  
 


12.8.3.11.1 Percent solids = Wt, g of solid phase X 100 
          Total wt, g of waste 


 
12.8.3.12 Determine the volume of extraction fluid #1 to add to the ZHE as 


follows: 
 


12.8.3.12.1 Vol. of Ext. Fluid #1 =   20 X % solids X wt. waste filtered  
                               100 


12.8.3.13 Upon completion of the extraction procedure, combine the full 
volume of the filtrate with the full volume of the extract and submit 
for analysis.  If the filtrate is not compatible with the extraction 
fluid, collect each portion separately and analyze each portion as a 
separate sample.  The results are then mathematically recombined 
based on the proportion of % solids. 
 


12.8.4 Sample is > 5% Solids  
 


12.8.4.1 For wastes containing > 5% solids, use the percent solids 
information to determine the optimum sample size to charge into 
the ZHE.  The recommended sample size is as follows:   


 
12.8.4.1.1 Wt. of Waste to Charge ZHE = [Wt of waste X 100] / [% 


Solids]               
 


12.8.4.2 Pre-weigh the Tedlar bag collection container, record the weight 
and set aside.  


12.8.4.3 Follow steps 12.7.1 to 12.7.4 (ZHE Prep).  
12.8.4.4 Weigh a sub-sample to the nearest 0.1 grams and quickly transfer it 


to the ZHE.  


12.9 ZHE Extraction  
 


12.9.1 With the ZHE in the vertical position, attach a line from the extraction fluid 
reservoir to the liquid inlet/outlet valve. The line used shall contain fresh 
extraction fluid and should be pre-flushed with fluid to eliminate any air 
pockets in the line.  


12.9.2 Release gas pressure on the ZHE piston (from the gas inlet/ outlet valve), 
open the liquid inlet/outlet valve, and begin transferring extraction fluid into 
the ZHE.  


12.9.3 Continue pumping extraction fluid into the ZHE until the appropriate amount 
of fluid has been introduced into the device.  


12.9.4 After the extraction fluid has been added, immediately close the liquid 
inlet/outlet valve and disconnect the extraction fluid line.  


12.9.5 Check the ZHE to ensure that all valves are in closed positions.  
12.9.6 Manually rotate the device in an end-over-end fashion 2 or 3 times. Reposition 


the ZHE in the vertical position with the liquid inlet/outlet valve on top.  
12.9.7 Pressurize the ZHE to 5-10 psi and slowly open the liquid inlet / outlet valve 


to bleed out any headspace that may have been introduced due to the 
addition of extraction fluid.  


12.9.8 This bleeding shall be done quickly and shall be stopped at the first 


Uncontrolled Document







TCLP Volatiles - ZHE 
 HN-EXT-005-R04 
 Effective: 10/01/2014 
 Page 11 of 14 


R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  


STANDARD OPERATING PROCEDURE 


appearance of liquid from the valve.  
12.9.9 Re-pressurize the ZHE with 10 psi and check all ZHE fittings to ensure they are 


closed.  
12.9.10 Place the ZHE in the rotary extractor apparatus and rotate the ZHE at 30 ± 2 


rpm for 18 + 2 hours.  
12.9.11 Record the starting and ending time of the extraction in the appropriate 


logbook.  
12.9.12 The temperature of the extraction room shall be maintained at 23 ± 2° C. 


throughout the agitation.  
12.9.13 Record the high and the low temperature of the room in the logbook.  
12.9.14 Following the 18 hour extraction, check the pressure behind the ZHE piston.  
12.9.15 If the pressure has not been maintained, the device has leaked and the 


extraction must be performed again (using a new aliquot of waste).  Notate on 
extraction log if the device has lost pressurization. 


12.9.16 If the pressure in the ZHE was maintained, attach a gas line to the gas inlet / 
outlet valve (bottom flange), and with the liquid inlet/outlet valve open (top 
flange), begin applying gentle pressure of 1 - 10 psi.  


12.9.17 Force all the liquid extract out into the filtrate collection device (See Notes 
below).  


12.9.18 Notes: If the original waste contained no initial liquid phase, the filtered liquid 
material obtained in 12.9.17 is defined as the TCLP extract. The filtrate 
should be collected in a Tedlar bag as described in section 12.8.2.6 – 
12.8.2.10. 


12.9.19 If the original waste contained an initial liquid phase, the entire volume of 
filtered liquid material obtained in 12.9.17 is combined with the entire volume 
of liquid material from 12.8.3.7 (if the liquids are miscible) and the 
combination of these liquids is defined as the TCLP extract.  


12.9.20 If the original waste contained an initial liquid phase AND the filtered liquid 
materials obtained in 12.9.17 are not miscible, the individual phases are 
collected SEPARATELY and analyzed separately. Determine the volume of each 
phase within 0.5% using the techniques described in this SOP and record the 
volume in the logbook.  Provide this information to the appropriate 
department when delivering the extracts for analysis in order for the 
technician to mathematically calculate the combined result after analysis of 
each fraction. 


13) Troubleshooting 
13.1 Proper use and maintenance of ZHE vessels is important for the preparation of 


extracts.  The ZHE should be checked for leaks after every extraction. If the device 
contains a built-in pressure gauge, pressurize the device to 50 psi, allow it to stand 
unattended, and recheck the pressure prior to tumbling.  If the device does not have a 
built-in pressure gauge, pressurize the device to 50 psi, submerge it in water, and 
check for the presence of air bubbles escaping from any of the fittings.  If pressure is 
lost, check all fittings and inspect and replace O-rings, if necessary. Retest the device. 
If leakage problems persist, the device is unsuitable for use and must be placed out of 
service until the problem is corrected. 
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14) Data Acquisition  
14.1 Sample preparation data recorded in preparation logbooks is manually entered into the 


LIMS for later use in analytical and QC calculations. LIMS assigns a prep batch number 
for the data entered. Record the LIMS prep batch number in the prep log.  


15) Calculation, and Data Reduction Requirements 


15.1 LIMS uses the preparation data entered to perform calculations and reporting after 
analysis has been completed. 


15.2 See Section 12 for relevant calculations. 


16) Quality Control, Acceptance Criteria and Corrective Action 


16.1 A minimum of one blank (using the same extraction fluid as used for the samples) 
must be analyzed for every 20 extractions that have been conducted in an extraction 
vessel. A matrix spike shall be performed for each waste type (e.g., wastewater 
treatment sludge, contaminated soil, etc.) unless the result exceeds the regulatory 
level and the data are being used solely to demonstrate that the waste property 
exceeds the regulatory level.  A minimum of one matrix spike must be analyzed for 
each analytical batch.  As a minimum, follow the matrix spike addition guidance 
provided in each analytical method.   


16.2 Matrix spikes must not be added prior to TCLP extraction of the sample. In most cases, 
matrix spikes should be added at a concentration equivalent to the corresponding 
regulatory level. If the analyte concentration is less than one half the regulatory level, 
the spike concentration may be as low as one half of the analyte concentration, but 
may not be less than five times the method detection limit.  In order to avoid 
differences in matrix effects, the matrix spikes must be added to the same nominal 
volume of TCLP extract as that which was analyzed for the unspiked sample. The 
purpose of the matrix spike is to monitor the performance of the analytical methods 
used, and to determine whether matrix interferences exist.  Use of other internal 
calibration methods, modification of the analytical methods, or use of alternate 
analytical methods may be needed to accurately measure the analyte concentration in 
the TCLP extract when the recovery of the matrix spike is below the expected analytical 
method performance.  


16.3 For matrix spike recovery preparation, calculation and QC: See determinative methods.  


16.4 All quality control measures described in the appropriate analytical methods shall be 
followed.   


16.5 If sample-holding times are exceeded, the values obtained will be considered minimal 
concentrations. Exceeding the holding time is not acceptable in establishing that a 
waste does not exceed the regulatory level. Exceeding the holding time will not 
invalidate characterization if the waste exceeds the regulatory level.  


16.6 Deviations and non-conforming events must be documented using a Nonconformance 
Corrective Action Report (NCAR) or as an Exception Report item on the laboratory 
review checklist. For mandatory QC failures (e.g. LCS), the NCAR must be submitted to 
the QA Manager via the NCAR database. 


17) Data Records Management 


17.1 All data is stored both electronically and hard copy for 7 years. 


17.2 All analytical sequence IDs and standard preparation information must be recorded in 
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the Run logbook. Hardcopy computer printouts of analytical sequences and raw data 
must be retained and initialed by the analyst (electronic initials are acceptable). To 
simplify standard tracking, analyst must attempt to use one lot of reagents and 
standards with each batch. 


17.3 Complete all pertinent sections in the respective logbooks.  If not-applicable then line 
out the section.  “Z” out or “X” out all large sections of the worksheet that are not used. 
Make all corrections with single line through, date and initial. Make NO obliterations 
when manually recording data.  


17.4 Logbooks are controlled. Never remove a page from a logbook. Completed logbooks 
are returned to the QA department when filled and no longer needed in the work area. 


17.5 The effective date of this SOP is the date in the header or last signature date, 
whichever is most recent. 


17.6 Logbooks must be reviewed monthly by the department supervisor. 


17.7 Logbooks must be reviewed quarterly by the QA Staff. 


18) Contingencies for Handling Out of Control Data 
18.1 When method required QC exceedances occur, in every case where sample data quality 


are affected, the source of the QC exceedance must be determined, corrected and 
sample reanalysis carried out when possible.  


18.2 When affected sample analysis can not be repeated due to limitations (i.e. sample 
availability, or if reanalysis can only be performed after expiration of a sample hold 
time), the reporting of data associated with exceeded QC data must be appropriately 
flagged and narrated.  This documentation is necessary to define for the data user the 
effect of the error has upon the data quality of the results reported (e.g. E flag data 
indicate the result to be only an estimate).   


18.3 All analysts must report sufficient comments in laboratory data review checklist for 
exceeded QC associated with sample results so that project management can further 
narrate and ensure data qualifiers (flags) are properly assigned to the reported data.   


18.4 NCARs must be issued for QC system exceedances. Matrix interferences are reported 
using the analyte reporting comment section in LIMS or using the Laboratory Data 
review checklist.    


19) Method Performance 
19.1 N/A 


20) Summary of Changes 
Table 20.1 Summary of Changes 
Revision 
Number 


Effective 
Date 


Document 
Editor 


Description of Changes 


R02 8/1/12 CES Formatting 
R03 10/1/13 CES Formatting; Inclusion of Tedlar bag procedure; 


Updated MS spiking requirements. 
R04 10/1/14 CES Clarification of documentation criteria for pH and 


extraction psi.  Clarification of sample recombination 
techniques and heating of % solids determinations. 


 
 


Uncontrolled Document







TCLP Volatiles - ZHE 
 HN-EXT-005-R04 
 Effective: 10/01/2014 
 Page 14 of 14 


R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  


STANDARD OPERATING PROCEDURE 


21) References and Related Documents 
21.1 U.S. Environmental Protection Agency, “1311 Toxicity Characteristic Leaching 


Procedure (TCLP)”, Test Methods for Evaluating Solid Waste Physical/Chemical 
Methods, Update III, June 13, 1997.   


21.2 40 CFR Part 261.24, Toxicity Characteristic, Table 1. 


21.3 ALS Environmental Quality Assurance Manual, Revision (most current) 
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TOXICITY CHARACTERISTIC LEACHING PROCEDURE –  
NON-VOLATILE EXTRACTION 


1) Scope and Applicability 


1.1 The TCLP is designed to determine the mobility of both organic and inorganic analytes 
present in liquid, solid, and multi-phasic wastes.  


1.2 If a “total” analyte determination analysis of the waste demonstrates that individual 
analytes are not present in the waste, or that they are present but at such low 
concentrations that the appropriate regulatory levels could not possibly be exceeded, 
the TCLP need not be run.  


1.3 If an analysis of any one of the fractions of the TCLP extract indicates that a regulated 
compound is present at a concentration that, after accounting for dilution of the 
extract fraction, is above the regulatory level for that compound, then the waste is 
determined as hazardous.  


1.4 If an analysis of extract obtained using a bottle extractor shows that the concentration 
of any regulated volatile analyte exceeds the regulatory level for that compound, then 
the waste is hazardous and extraction using the ZHE may not be necessary.  However, 
extract from a bottle extractor cannot be used to demonstrate that the concentration 
of volatile compounds is below the regulatory level. 


1.5 This method is based upon and compliant with SW846 1311. 


2) Summary of Procedure 


2.1 For liquid wastes (i.e., those containing less than 0.5% dry solid material), the waste, 
after filtration through a 0.6 to 0.8 um glass fiber filter, is defined as the TCLP extract. 


2.2 For wastes containing greater than or equal to 0.5% solids, the liquid, if any, is 
separated from the solid phase and stored for later analysis while the particle size of 
the solid phase is reduced, if necessary.  The solid phase is extracted with an amount 
of extraction fluid equal to 20 times the weight of the solid phase. The extraction fluid 
employed is a function of the pH of the solid phase.  Following extraction, the liquid 
extract is separated from the solid phase by filtration through a 0.6 to 0.8 um glass 
fiber filter.  


2.3 If multi-phasic and compatible, the initial liquid phase of the waste is added to the 
liquid extract, and these are analyzed together.  If incompatible, the liquids are 
analyzed separately and the results are mathematically combined to yield a 
volume-weighted average concentration. 


3) Definitions 


3.1 Organic Free Water: De-ionized (DI) reagent water meeting purity characteristics of 
ASTM Type II laboratory distilled water (daily conductivity <1.0 umhos/cm).     


3.2 Matrix: The component or substrate (e.g., surface water, groundwater, soil) which 
contains the analyte of interest.  


3.3 Matrix Spike (MS): An aliquot of background sample spiked with a known 
concentrations of all target analytes. The spiking occurs prior to sample preparation 
and analysis. A matrix spike is used to assess the bias of a method in a given sample 
matrix.  


3.4 Method Blank: An analyte-free matrix to which all reagents are added in the same 
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volumes or proportions as used in sample processing. The method blank is carried 
through the complete sample preparation and analytical procedure. The method blank 
is used to document contamination resulting from the analytical process.  


4) Health and Safety Warnings 


4.1 Lab Safety: Due to various hazards in the laboratory, safety glasses and laboratory 
coats or aprons must be worn at all times while in the laboratory.  In addition, gloves 
and a face shield should be worn when dealing with toxic, caustic, and/or flammable 
chemicals.   


4.2 Chemical Hygiene: The toxicity or carcinogenicity of each reagent used has not been 
precisely defined; however, each chemical used should be treated as a potential health 
hazard. Exposure to laboratory reagents should be reduced to the lowest possible 
level. The laboratory maintains a current awareness file of OSHA regulations regarding 
the safe handling of the chemicals specified in this method. A reference file of data 
handling sheets (MSDS) is available to all personnel involved in these analyses.   


4.3 Waste Management: The principal wastes generated by this procedure are the method-
required chemicals and standards. It is the laboratory's responsibility to comply with 
all federal, state, and local regulations governing waste management by minimizing 
and controlling all releases from fume hoods and bench operations. Compliance with 
all sewage discharge permits and regulations is required.  Laboratory procedures in 
SOP HN-SAF-001, Waste Disposal Procedures, must be followed. 


4.4 Pollution Prevention: The materials used in this method pose little threat to the 
environment when recycled and managed properly. The quantities of chemicals 
purchased should be based on the expected usage during its shelf life. Standards and 
reagents should be prepared in volumes consistent with laboratory use to minimize 
the volume of expired standards or reagents to be disposed.  


5) Cautions 


5.1 Should glass containers be used, pressure build-up should be checked prior to the 
start of the tumbling of samples to avoid potential explosion of the vessel due to gas 
generation.  If a vessel is compromised inside the tumbler, use all appropriate PPE, 
including, but not limited to, Kevlar gloves. 


6) Interferences 


6.1 Potential interferences that may be encountered during analysis are discussed in the 
individual analytical methods.  


6.2 Waste samples forming a solid upon addition of extraction fluid, shall be processed 
utilizing the “total” analysis method, as they are not conducive to leaching. 


6.3 Allow solids to settle prior to filtering the leachate.  Extracts with a large amount of 
suspended solids may prove difficult to filter. 


7) Personnel Qualifications and Responsibilities 


7.1 General Responsibilities - This method is restricted to use by or under the supervision 
of analysts experienced in the method. 


7.2 Analyst - It is the responsibility of the analyst(s) to: 


  
7.2.1 Each must read and understand this SOP and follow it as written. Any 
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deviations or non-conformances must be documented and submitted to the 
QA Manager for approval.  


7.2.2 Produce method compliant data that meets all quality requirements using this 
procedure and the Data Reduction, Review and Validation SOP (HN-QS-009).  


7.2.3 Complete the required initial demonstration of proficiency before performing 
this procedure without supervision. 


7.2.4 Complete an ongoing demonstration of proficiency annually when continuing 
to perform the procedure. 


7.2.5 The analysts must submit data for peer or supervisor review. 


7.3 Section Supervisor - It is the responsibility of the section supervisor to: 


 
7.3.1 Ensure that all analysts have the technical ability and have received adequate 


training required to perform this procedure. 
7.3.2 Ensure analysts have completed the required initial demonstration of 


proficiency before performing this procedure without supervision.  
7.3.3 Ensure analysts complete an ongoing demonstration of proficiency annually 


when continuing to perform the procedure. 
7.3.4 Ensure analysts produce method compliant data that meet all quality 


requirements using this procedure and the Data Reduction, Review and 
Validation SOP.  


7.4 Project Manager - It is the responsibility of the Project Manager to ensure that all 
method requirements for a client requesting this procedure are understood by the 
laboratory prior to initiating this procedure for a given set of samples. 


7.5 QA Manager: The QA Manager is responsible for 


  
7.5.1 Approving deviations and non-conformances  
7.5.2 Ensuring that this procedure is compliant with method and regulatory 


requirements,  
7.5.3 Ensuring that the analytical method and SOP are followed as written through 


internal method and system audits. 


8) Sample Collection, Handling, and Preservation 


8.1 The TCLP may place requirements on the minimal size of the field sample, dependent 
upon the physical state or states of the waste and the analytes of concern.  An initial 
aliquot is needed for preliminary evaluation while another aliquot may be needed to 
actually conduct the nonvolatile extraction.  (If volatile organics are of concern, 
another aliquot may be needed.)  Quality control measures may require additional 
aliquots.  Collection of sufficient sample is critical if the TCLP process is to be 
conducted as documented. 


8.2 Preservatives shall not be added to samples before extraction.  


8.3 Samples may be refrigerated unless refrigeration results in irreversible physical change 
to the waste.  If precipitation occurs, the entire sample (including precipitate) should 
be extracted.   
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8.4 When the waste is to be evaluated for volatile analytes, care shall be taken to minimize 
the loss of volatiles.  Samples shall be collected and stored in a manner intended to 
prevent the loss of volatile analytes (e.g., samples should be collected in Teflon-lined 
septum capped vials and stored at 4 °C.  Samples should be opened only immediately 
prior to extraction).  


8.5 TCLP extracts should be prepared for analysis and analyzed as soon as possible 
following extraction. Extracts should be preserved for other analytes according to the 
guidance given in the individual analysis methods.    


 
 
 


 
From Field Collection 


to TCLP Extraction 


 
From TCLP Ext. 
to Prep. Extract. 


 
From Prep. Extract. to 
Determinative analysis 


 
 


Total Time 
 


Volatiles 
 


14 
 


N/A 
 


14 
 


28 
 


Semi Volatiles 
 


14 
 


7 
 


40 
 


61 
 


Mercury 
 


28 
 


28 
 


28 
 


84 
 


Metals, except Hg 
 


180 
 


180 
 


28 
 


388 


9) Equipment and Supplies 


9.1 Agitation apparatus:  The agitation apparatus must be capable of rotating the 
extraction vessel in an end-over-end fashion at 30 + 2 rpm and be maintained in a 
stable temperature of 230 + 20 C.  


9.2 Bottle Extraction Vessel:  


 
9.2.1 When the waste is being evaluated using the nonvolatile extraction, a jar with 


sufficient capacity to hold the sample and the extraction fluid is needed.  
Headspace is allowed in this vessel.  The extraction bottles may be 
constructed from various materials, depending on the analytes to be analyzed 
and the nature of the waste.  It is recommended that borosilicate glass bottles 
be used instead of other types of glass, especially when inorganics are of 
concern. Plastic bottles, other than Teflon™, shall not be used if organics are 
to be investigated.   


9.3 Filtration Devices:  It is recommended that all filtrations be performed in a hood.  


9.4 Zero-Headspace Extractor Vessel (ZHE): refer to SOP HN-EXT-005 1311 ZHE.  


9.5 Filter Holder:  When the waste is evaluated for non-volatile analytes, any filter holder 
capable of supporting a glass fiber filter and able to withstand the pressure needed to 
accomplish separation may be used.  Suitable filter holders range from simple vacuum 
units to relatively complex systems capable of exerting pressures of up to 50 psi or 
more.  The type of filter holder used depends on the properties of the material to be 
filtered.  These devices shall have a minimum internal volume of 300 ml and be 
equipped to accommodate a minimum filter size of 47 mm (filter holders having an 
internal capacity of 1.5 L or greater, and equipped to accommodate a 142 mm 
diameter filter, are recommended). Vacuum filtration can only be used for wastes with 
low solids content (<10%) and for highly granular, liquid-containing wastes.  All other 
types of wastes should be filtered using positive pressure filtration.  


9.6 Extraction vessels and filtration devices shall be made of inert materials which will not 
leach or absorb waste components.  Glass, Teflon™ (polytetrafluoroethylene or PTFE), 
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or type 316 stainless steel equipment may be used when evaluating the mobility of 
both organic and inorganic components.  Devices made of high density polyethylene 
(HDPE), polypropylene (PP), or polyvinyl chloride (PVC) may be used only when 
evaluating the mobility of metals. Borosilicate glass bottles are recommended for use 
over other types of glass bottles, especially when inorganic analytes are of concern. 


9.7 Filters shall be made of borosilicate glass fiber, shall contain no binder materials, and 
shall have an effective pore size of 0.6 to 0.8 µm, or equivalent. Pre-filters must not be 
used.  When evaluating the mobility of metals, filters should be acid-washed prior to 
use by rinsing with 1N nitric acid followed by three consecutive rinses with de-ionized 
distilled water.  Pre-washed filters may be obtained commercially.  Glass fiber filters 
are fragile and should be handled with care.  


9.8 pH Meters:  The meter should be accurate to + 0.05 units at 25 °C.  


9.9 Laboratory Balance:  Any laboratory balance accurate to within + 0.01 grams may be 
used (all weight measurements are to be within + 0.1 grams).  


9.10 Beaker or Erlenmeyer flask, glass, 500 ml 


9.11 Watch-glass of appropriate diameter to cover beaker or Erlenmeyer flask 


9.12 Variable hot plate with magnetic stirrer  


10) Standards and Reagents 


10.1 At a minimum, reagent grade chemicals shall be used in all tests.  Unless otherwise 
indicated, it is intended that all reagents shall conform to the specifications of the 
Committee on Analytical Reagents of the American Chemical Society, where such 
specifications are available.  


10.2 Reagent (DI) Water - Reagent water is defined as Type II water. The laboratory de-
ionized (DI) water meets this criteria.  


10.3 Hydrochloric acid, concentrated (11-12 N), ACS grade 
 


10.3.1 Hydrochloric acid, (1N): add 83 ml of concentrated HCl to 500 ml of DI water 
and dilute to a final volume of 1L using DI water.  


10.4 Nitric acid, concentrated (15-16 N), ACS grade 
 


10.4.1 Nitric acid (1N), add 64 ml of concentrated HNO3 to 500 ml of DI water and 
dilute to a final volume of 1L using DI water. 


10.5 Sodium hydroxide, ACS reagent grade, solid pellets (~100 %)   
 


10.5.1 Sodium hydroxide (10N): Dissolve 400 grams of NaOH pellets into 500 ml of 
DI water and dilute to a final volume of 1L using DI water.  Use caution, as this 
will generate a considerable amount of heat. 


10.5.2 Alternatively, 10N NaOH solution may be purchased from approved vendors. 


10.6 Glacial acetic acid (CH
3
CH


2
OOH), ACS reagent grade.  


10.7 Extraction fluid # 1:  Add 114 ml glacial CH
3
CH


2
OOH to ~18L of reagent water, add 


128.6 ml of 10N NaOH, and dilute to a final volume of 20 liter.  When correctly 
prepared, the pH of this fluid will be 4.93 + 0.05. 
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10.8 Extraction fluid # 2:  Dilute 114 ml glacial CH
3
CH


2
OOH with reagent water to a volume 


of 20 liters. When correctly prepared, the pH of this fluid will be 2.88 + 0.05.  


10.9 NOTE: These extraction fluids should be monitored frequently for impurities. The pH 
should be checked daily, prior to use to ensure that these fluids are made up 
accurately. If impurities are found or the pH is not within the above specifications, the 
fluid shall be discarded and fresh extraction fluid prepared. Extraction fluids expire 1 
year from the date of preparation, however, they may not exceed the expiration of any 
parent constituents. 


11) Method Calibration 


11.1 Perform support equipment (balances, etc.) calibration checks as required for daily 
use.  


12) Sample Preparation/Analysis 


12.1 Perform preliminary TCLP evaluations on a separate aliquot of waste. This aliquot may 
not be used for TCLP extraction. The preliminary evaluations shall include: 


  
12.1.1 Determination of the percent solids;  
12.1.2 Determination of the solid portion of the waste for particle size reduction; and  
12.1.3 Determination of the extraction fluid to be used for the nonvolatile TCLP 


extraction procedure 


12.2 Determination of percent solids:  The percentage of solids is defined as that fraction of 
a waste sample (as a percentage of the total sample) from which no liquid may be 
forced out by an applied pressure.  


 
12.2.1 If the waste will obviously yield no liquid when subjected to pressure filtration 


(i.e., is 100% solids), proceed to Section 12.8;  
12.2.2 If the sample is multiphasic, a liquid/solid separation is required to make the 


preliminary determination of percent solids. Proceed to Section 12.3. 


12.3 Filtration to determine % Solids: 
 


12.3.1 Pre-weigh the filter and the container that will receive the filtrate.  
12.3.2 Assemble the filter holder and filter according to the manufacturer's 


instructions.  
12.3.3 Place the filter on the support screen and secure.  
12.3.4 Homogenize the waste sample and transfer ~125 g of sample to a separate 


tared container.  
12.3.5 Record the weight of sample used. 
12.3.6 Allow slurries to stand to permit the solid phase to settle. Wastes that settle 


slowly may be centrifuged prior to filtration. Centrifugation is to be used only 
as an aid to filtration.  If used, the liquid should be decanted and filtered 
followed by filtration of the solid portion of the waste through the same 
filtration system.  


12.3.7 Transfer the waste sample to the filter holder (liquid and solid phases). Spread 
the waste sample evenly over the surface of the filter. If filtration of the waste 
at 4 °C reduces the amount of expressed liquid over what would be expressed 
at room temperature then allow the sample to warm up to room temperature 
in the device before filtering.  


12.3.8 NOTE: If waste material (>1% of original sample weight) has obviously adhered 
to the container used to transfer the sample to the filtration apparatus, 
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determine the weight of this residue and subtract it from the sample weight 
determined in Section 12.3.5 to determine the weight of the waste sample 
that will be filtered.  


12.3.9 Gradually apply vacuum or gentle pressure of 1-10 psi, until air or 
pressurizing gas moves through the filter.  If this point is not reached under 
10 psi, and if no additional liquid has passed through the filter in any 2 
minute interval, slowly increase the pressure in 10 psi increments to a 
maximum of 50 psi. When the pressurizing gas begins to move through the 
filter, or when liquid flow has ceased at 50 psi (i.e., filtration does not result 
in any additional filtrate within any 2 minute period), stop the filtration.  
NOTE: Instantaneous application of high pressure can degrade the glass fiber 
filter and may cause premature plugging.  


 
12.3.10 The material in the filter holder is defined as the solid phase of the waste, and 


the filtrate is defined as the liquid phase.  
12.3.11 Weigh the filtrate and its container and record the weight.  
12.3.12 Determine the weight of the filtrate by subtracting the weight of the container 


(Section 12.3.1) from the total weight of the filtrate-filled container. 
12.3.13 Determine the weight of the solid phase by subtracting the weight of the 


filtrate phase from the weight of the total waste as determined in Section 
12.3.5.  


12.3.14 Record the weight of the liquid and solid phases.   
12.3.15 Calculate and record the percent (%) solids as follows:  
 


12.3.15.1 % solids = [Solid phase wt, g / Total wt of waste, g ] X 100   
 


12.3.16 NOTE: Some wastes, such as oily wastes and some paint wastes, will obviously 
contain some material that appears to be a liquid.  Even after applying 
vacuum or pressure filtration, as outlined in Section 12.3.9, this material may 
not filter.  If this is the case, the material within the filtration device is defined 
as a solid.    


12.4 If the % solids are < 0.5 %, then TCLP extraction is not performed and the filtered liquid 
is considered the TCLP extract for NON-VOLATILE analysis ONLY. Measure and record 
the pH of the filtrate.  


12.5 If the % solids are > 0.5 %, proceed with step 12.6 below. If liquid is entrained within 
the sample filter, perform the following for the percent solids determination: 


 
12.5.1 Remove the solid phase and filter from the filter apparatus.  
12.5.2 Dry the filter and solid phase at 100 ± 20°C until two successive weightings 


yield the same value within ± 1%.  
12.5.3 Record the final weight. 
12.5.4 Calculate and record the % dry solids using the following equation: 


 
% dry solids   =    [A – B] x 100 /  C  


Where: 
  A = (Weight of dry waste + filter) 


B = tared weight of filter 
C = Initial weight of waste 


12.6 Using the solid portion of the waste, evaluate the solid for particle size. Particle size 
reduction is required, unless the solid has a surface area per gram of material equal to 
or less than 3.1 cm2, or is smaller than 1 cm in its narrowest dimension (i.e., is capable 
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of passing through a 9.5 mm (0.375 inch) standard sieve).  If the surface area is 
smaller or the particle size larger than described above, prepare the solid portion of 
the waste for extraction by crushing, cutting, or grinding the waste to a surface area or 
particle size as described above.  NOTE: Surface area criteria are meant for 
filamentous waste materials such as paper, cloth, and similar materials. Surface area 
criteria are not required for non-filamentous waste material. 


 
12.6.1 NOTE:  If a sieve is utilized for particle size reduction, an Equipment Blank 


must be processed to ensure adequate cleaning of the device between 
samples. 


12.7 Determination of appropriate extraction fluid for non-volatile TCLP:  
 


12.7.1 Remove a sub-sample (~10 g) of the solid phase of the waste, reduce the solid 
(if necessary) to a particle size of approximately 1 mm in diameter or less, 
and transfer 5.0 grams of the solid phase of the waste to a 200 ml beaker.  


12.7.2 Add 96.5 ml of reagent water to the beaker, cover with a watchglass, and stir 
vigorously for 5 minutes using a magnetic stirrer.  Measure and record the 
pH.  If the pH is <5.0, use extraction fluid #1 and proceed to Section 12.8.  


12.7.3 If the pH from Section 12.7.2 is >5.0, add 3.5 ml 1N HCl, slurry briefly, cover 
with a watch glass, heat to 50 °C, and hold at 50 °C for 10 minutes.  


12.7.4 Let the solution cool to room temperature and record the pH.  If the pH is 
<5.0, use extraction fluid #1.  If the pH is >5.0, use extraction fluid #2. 
Proceed to Section 12.8.   


12.8 Sample Preparation 
 


12.8.1 Samples with ~100% Solids  
12.8.1.1 Weigh out a 100 g sub-sample the waste to the nearest 0.1 g and 


record the weight. Adjust particle size if necessary. Transfer the 
sample to the extraction bottle. Note in the logbook if 100 gram is 
not available and what lesser quantity is used.  


12.8.1.2 Determine the volume of required extraction fluid (#1 or #2) to add 
to the extraction bottle as follows:  


12.8.1.3 Volume of Ext. Fluid  = 20  x  wt. of waste in bottle   
12.8.1.4 Slowly add the determined amount of extraction fluid to the 


extractor body.  
12.8.1.5 Proceed to Section 12.9. 


 
12.8.2 Sample is < 0.5 % Solids  


12.8.2.1 If the waste contains < 0.5 percent solids, the liquid portion of the 
waste after filtration is defined as the TCLP extract.  


12.8.2.2 Perform the filtration of sufficient sample to provide for the non-
volatile analysis.  After filtration, transfer the filtrate into 
appropriately labeled storage containers and place in the 
appropriate sample storage area associated with the section of the 
lab that will further process and analyze the TCLP leachate.  Discard 
the filter and remaining solids. 


12.8.2.3 Metals aliquots must be acidified with nitric acid to pH <2.  If 
precipitation is observed upon addition of nitric acid to a small 
aliquot of the extract, then the remaining portion of the extract for 
metals analyses shall not be acidified and the extract shall be 
analyzed as soon as possible.  All other aliquots must be stored 
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under refrigeration (4 °C) until prepared for analysis. The TCLP 
extract is prepared and analyzed according to appropriate 
analytical methods. TCLP extracts to be analyzed for metals shall be 
acid digested except in those instances where digestion causes loss 
of metallic analytes.  If an analysis of the undigested extract shows 
that the concentration of any regulated metallic analyte exceeds the 
regulatory level, then the waste is hazardous and digestion of the 
extract is not necessary.  However, data on undigested extracts 
alone cannot be used to demonstrate that the waste is not 
hazardous. 


 
12.8.3 Sample is > 0.5% Solids 


12.8.3.1 For wastes containing > 0.5% solids, use the percent solids 
information to determine the optimum sample size to filter 
sufficient quantities for testing using the filtration device.    


12.8.3.2 A minimum sample size of 100 grams (see Section 12.8.3.5) should 
be used if a full suite of testing is required. In some cases, a larger 
sample size may be appropriate, depending on the solids content 
of the waste sample (percent solids, Section 12.5).  
 
12.8.3.2.1  In order to reduce waste, a smaller sample size may be 


used if a minimal analytical amount is required (see 
Section 12.8.3.4). 


12.8.3.2.2 If a smaller sample size is used, the analyst must adhere 
to all required extraction solvent ratios and extraction 
elements. 


  
12.8.3.3 If miscible, the final solids filtrate will be recombined with the 


original filtrate for analysis.  If not compatible, each filtrate must be 
analyzed separately and the results mathematically combined. 


12.8.3.4 Consider whether inorganics, semi-volatile organics, pesticides, and 
herbicides are the analytes of concern.  Enough solids should be 
generated for extraction such that the combined/uncombined 
volume of TCLP extract will be sufficient to support all of the 
analyses required. If the amount of extract generated by a single 
TCLP extraction will not be sufficient to perform all of the analyses, 
additional extractions may be performed and the extracts 
combined for final analysis.  


12.8.3.5 Weigh out sufficient sample such that the needed sample size will 
be achieved when corrected for percent solids (i.e., 1000 grams of 
sample with a percent solids of 10% will yield 100 grams of solid) 
and transfer to the filtering unit. 


12.8.3.6 Pressurize and filter the sample as described in Section 12.3.9. 
Retain the filtrate for future use. 


12.8.3.7 Place the filter and filter solids in the TCLP extraction vessel.  Slowly 
add the appropriate amount/type of extraction fluid (see Sections 
12.7) and proceed to Section 12.9. 


12.9 Rotary Extraction 
 


12.9.1 Close the extractor bottle tightly (Teflon tape may be used if needed to 
ensure tightness) and secure in the rotary device. 


12.9.2 Rotate the sample(s) at 30 + 2 rpm for 18 + 2 hours. 
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12.9.3 Maintain the ambient temperature where rotary extraction takes place at 23 + 
20 C. 


12.10 Following the 18 + 2 hour extraction, separate the material in the extractor vessel into 
its component liquid and solid phases by filtering through a new glass fiber filter, as 
outlined in Section 12.3.9.  For final filtration of the TCLP extract, the glass fiber filter 
may be changed, if necessary, to facilitate filtration. Filter(s) must be acid-washed if 
evaluating the mobility of metals.  


12.11 If compatible (e.g., multiple phases will not result on combination), combine the 
filtered liquid resulting from Section 12.10 with the initial liquid phase of the waste 
obtained in Section 12.8.3.6.  This combined liquid is defined as the TCLP extract.  If 
the leachate generated is not compatible with the filtered liquids, do not combine 
these liquids.  Analyze these liquids, collectively defined as the TCLP extract, and 
combine the results mathematically, as described in Section 12.15. 


12.12 Following collection of the TCLP extract, the pH of the extract shall be recorded. 
Immediately aliquot and preserve the extract for analysis.  


12.13 Metals aliquots must be acidified with nitric acid to pH <2.  If precipitation is observed 
upon addition of nitric acid to a small aliquot of the extract, then the remaining 
portion of the extract for metals analyses shall not be acidified and the extract shall be 
analyzed as soon as possible.  All other aliquots must be stored refrigerated (4 °C) 
until prepared for analysis.  


12.14 TCLP extract shall be prepared and analyzed according to appropriate analytical 
methods. TCLP extracts to be analyzed for metals shall be acid digested except in 
those instances where digestion causes loss of metallic analytes.  If an analysis of the 
undigested extract shows that the concentration of any regulated metallic analyte 
exceeds the regulatory level, then the waste is hazardous and digestion of the extract 
is not necessary.  However, data on undigested extracts alone cannot be used to 
demonstrate that the waste is not hazardous.  


12.15 If the individual phases are to be analyzed separately, determine the volume of the 
individual phases (to + 0.5%), conduct the appropriate analyses, and combine the 
results mathematically using a simple volume-weighted average: 
 


                                                     (V
1
) (C


1
) + (V


2
) (C


2
) 


 Final Analyte Concentration =                                              
                                                  V


1
 + V


2
 


 
 Where: 
 V


1
 = The volume of the first phase (L). 


 C
1
 = The concentration of the analyte of concern in the first phase (mg/L). 


 V
2
 = The volume of the second phase (L). 


 C
2
 = The concentration of the analyte of concern in the second phase (mg/L). 


13) Troubleshooting 
13.1 Proper cleaning, use, and maintenance of filtration vessels are important to 


preparation of extracts. Prepare extraction blanks to assure cleaning procedures are 
adequate for filtration and extraction vessels.  
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14) Data Acquisition  
14.1 Sample preparation data recorded in preparation logbooks is manually entered into the 


LIMS for later use in analytical and QC calculations. LIMS assigns a prep batch number 
for the data entered. Record the LIMS prep batch number in the prep log. 


15) Calculation, and Data Reduction Requirements 


15.1 LIMS uses the preparation data entered to perform calculations and reporting after 
analysis has been completed. 


15.2 See Section 12.3.15 


15.3 See Section 12.5.4 


15.4 See Section 12.14 


16) Quality Control, Acceptance Criteria and Corrective Action 


16.1 A minimum of one blank (using the same extraction fluid as used for the samples) 
must be analyzed for every 20 extractions that have been conducted in an extraction 
vessel.  


16.2 A minimum of one matrix spike must be analyzed for each analytical batch following 
the guidance provided in the applicable analytical SOP. Matrix spikes shall not be 
added prior to TCLP extraction of the sample.  The matrix spike for metals analysis 
must be spiked prior to the addition of sample preservative.  An unpreserved aliquot of 
TCLP extract is provided to the metals preparation analyst for spiking and 
preservation. 


16.3 Matrix spike recovery preparation, calculation and QC criteria are documented in the 
applicable determinative method(s).  


16.4 All quality control measures described in the appropriate analytical methods shall be 
followed.   


16.5 If holding times are exceeded, the values obtained will be considered minimal 
concentrations. Exceeding the holding time is not acceptable in establishing that a 
waste does not exceed the regulatory level. Exceeding the holding time will not 
invalidate characterization if the waste exceeds the regulatory level.  


16.6 Data Assessment and Corrective Actions: Refer to relevant section in the determinative 
method SOP. The analyst performing the determinative method performs data 
assessment and initiates corrective actions in cases of QC failures.  


16.7 Deviations and non-conforming events must be documented using a Nonconformance 
Corrective Action Report (NCAR) or as an Exception Report item on the laboratory 
review checklist. For mandatory QC failures (e.g. LCS), the NCAR must be submitted to 
the QA Manager via the NCAR database. 


17) Data Records Management 
17.1 All data is stored both electronically and hard copy for 7 years. 


17.2 All analytical sequence IDs and standard preparation information must be recorded in 
the Run logbook. Hardcopy computer printouts of analytical sequences and raw data 
must be retained and initialed by the analyst (electronic initials are acceptable). To 
simplify standard tracking, analyst must attempt to use one lot of reagents and 
standards with each batch. 
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17.3 Complete all pertinent sections in the respective logbooks.  If not-applicable then line 
out the section.  “Z” out or “X” out all large sections of the worksheet that are not used. 
Make all corrections with single line through, date and initial. Make NO obliterations 
when manually recording data.  


17.4 Logbooks are controlled. Never remove a page from a logbook. Completed logbooks 
are returned to the QA department when filled and no longer needed in the work area. 


17.5 The effective date of this SOP is the date in the header or last signature date, 
whichever is most recent. 


17.6 Logbooks must be reviewed monthly by the department supervisor. 


17.7 Logbooks must be reviewed quarterly by the QA Staff. 


18) Contingencies for Handling Out of Control Data 


18.1 When method required QC exceedances occur, in every case where sample data quality 
are affected, the source of the QC exceedance must be determined, corrected and 
sample reanalysis carried out when possible.  


18.2 When affected sample analysis can not be repeated due to limitations (i.e. sample 
availability, or if reanalysis can only be performed after expiration of a sample hold 
time), the reporting of data associated with exceeded QC data must be appropriately 
flagged and narrated.  This documentation is necessary to define for the data user the 
effect of the error has upon the data quality of the results reported (e.g. E flag data 
indicate the result to be only an estimate).   


18.3 All analysts must report sufficient comments in laboratory data review checklist for 
exceeded QC associated with sample results so that project management can further 
narrate and ensure data qualifiers (flags) are properly assigned to the reported data.   


18.4 NCARs must be issued for QC system exceedances. Matrix interferences are reported 
using the analyte reporting comment section in LIMS or using the Laboratory Data 
review checklist.    


19) Method Performance 


19.1 N/A 


20) Summary of Changes 
Table 20.1 Summary of Changes 
Revision 
Number 


Effective 
Date 


Document 
Editor 


Description of Changes 


R04 8/1/12 CES Formatting 
R05 4/15/2013 DWD NELAP element addition 
R06 10/1/13 CES Formatting; updated MS spiking requirements, sec. 


16.2 
R07 10/1/14 CES Clarify the use of heating in the % solids preliminary 


determinations and use of equipment blanks for 
particle size reduction.  Include daily monitoring of 
extraction fluids. 
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21) References and Related Documents 
21.1 U.S. Environmental Protection Agency, “Method 1311 Toxicity Characteristic Leaching 


Procedure (TCLP)”, Test Methods for Evaluating Solid Waste Physical/Chemical 
Methods, Revision III.   


21.2 40 CFR Part 261.24, Toxicity Characteristic, Table 1.  


21.3 ALS Environmental Quality Assurance Manual, Revision (most current) 
 


Uncontrolled Document







R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R


ALS Standard Operating Procedure 


DOCUMENT TITLE: SAMPLE RECEIPT 


REFERENCED METHOD: N/A 
SOP ID: HN-SM-001 


REV. NUMBER: R08 
EFFECTIVE DATE: 10/01/2014 


Uncontrolled Document







Uncontrolled Document







Sample Receipt 
HN-SM-001-R08 
Effective: 10/01/2014 
Page i of i 


R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R


STANDARD OPERATING PROCEDURE 


TABLE OF CONTENTS 


1) Scope and Applicability ................................................................................................................................................... 1
2) Summary of Procedure .................................................................................................................................................... 1
3) Definitions ....................................................................................................................................................................... 1
4) Health and Safety Warnings ............................................................................................................................................ 1
5) Personnel Qualifications and Responsibilities ................................................................................................................. 2
6) Procedure ......................................................................................................................................................................... 2
7) Equipment and Supplies .................................................................................................................................................. 6
8) Quality Assurance and Quality Control ........................................................................................................................... 6
9) Summary of Changes ....................................................................................................................................................... 6
10) References and Related Documents................................................................................................................................. 6


Uncontrolled Document







Sample Receipt 
HN-SM-001-R08 
Effective: 10/01/2014 
Page 1 of 12 


R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R


STANDARD OPERATING PROCEDURE 


SAMPLE RECEIPT 


1) Scope and Applicability


1.1 This document provides a general operating procedure for the receipt, acceptance, and 
logging of samples at ALS Environmental. 


2) Summary of Procedure


2.1 Samples are delivered to the laboratory via company courier, the client, or shipped via 
a third party commercial courier such as FedEx or UPS.  The samples are reviewed for 
analytical integrity and logged into the Laboratory Information System (LIMS) using 
sequentially assigned and unique identifiers.  Upon completion of check-in, samples 
are stored in the appropriate areas pending review of the work order by the Project 
Manager (PM).  


3) Definitions


3.1 COC – Chain of Custody 


3.2 QAPP – Quality Assurance Project Plan 


4) Health and Safety Warnings


4.1 Lab Safety 


4.1.1 Due to various hazards in the laboratory, safety glasses, disposable gloves, 
and laboratory coats or aprons must be worn when working with unknown 
samples. In addition, heavy-duty gloves and a face shield are recommended 
when dealing with toxic, caustic, and/or flammable chemicals. 


4.1.2 The toxicity or carcinogenicity of each reagent used has not been precisely 
defined. However, each chemical used must be treated as a potential health 
hazard and exposure reduced to the lowest possible level. The laboratory 
maintains a current awareness file of OSHA regulations regarding the safe 
handling of the chemicals specified in this method. A reference file of data 
handling sheets (MSDS) is available to all personnel involved in these analyses. 


4.2 Waste Disposal 


4.2.1 Procedures for sample disposal are documented in SOP HN-SAF-001, Waste 
Disposal Procedures.  


4.2.2 Samples must be disposed according to Federal, State, and local regulations. 


4.3 Pollution Prevention 


4.3.1 The quantities of chemicals purchased, when possible, must be based on the 
expected usage during its shelf life.  


4.3.2 Standards and reagents must be prepared in volumes consistent with 
laboratory use to minimize the volume of expired standards or reagents to be 
disposed. 
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5) Personnel Qualifications and Responsibilities


5.1 All sample receiving personnel should be proficient in knowing the basic sample 
handling requirements for analyses.  These include required sample volumes and 
preservatives, hold times and container types. 


6) Procedure
6.1 Sample Receipt 


6.1.1 When samples arrive via company courier, directly from a client, or via a 
commercial courier, sign the Chain of Custody (COC) in the area marked 
“Received By: (Laboratory)” after the samples have been relinquished. The time 
of relinquishment must be documented.  


• Ensure the client receives a copy of the signed COC, if applicable.


6.1.2 Examine the cooler for evidence of tampering or breakage.  


• If applicable, initial and remove all custody seals from the cooler.
• If seals are present and have been broken, document this information


on the work order checklist and notify the PM immediately.


6.1.3 Open the cooler and examine its contents.  If broken sample containers or 
any type of offensive odors are discovered, the lid should immediately be shut 
and the cooler moved to a well-ventilated area or hood before the samples are 
removed.  If the chain of custody was sealed in the cooler, remove and sign it 
at this time.  


6.1.4 Remove any shipping documents, bills of landing, air-bills, etc that arrive with 
the transport container and retain for placement in the work order file. 


6.1.5 Ensure that submitted samples do not conflict with the sample acceptance 
policy. If so, notify the PM immediately for resolution. 


6.2 Temperature Measurement 


6.2.1 All samples requiring thermal preservation shall be considered acceptable if 
the arrival temperature is within 0.0 - 6.0 0 C (unless superseded by method 
or contractual specifications. 


6.2.2 Temperature measurement shall be verified through the use of a temperature 
blank for each transport container using a Traceable digital thermometer 
record or hand-held IR gun. 


6.2.3 The measurement of the temperature shall be taken from the sample label on 
the bottle.  The sample label serves as a uniform surface for measurement. 


6.2.4 For transport containers containing no temperature blank, the temperature 
verification shall be made through measurement of a representative sample. 


6.2.5 If, for any reason, the integrity of the transport container has been 
compromised, temperature measurement of each individual sample shall be 
verified. 


6.2.6 Samples that are hand delivered immediately after collection may not meet 
preservation criteria. In such cases, samples shall be considered acceptable if 
there is evidence that the chilling process has begun (such as on ice).  
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• Document the cooler temperature as received even if the chilling
process has been completed.


6.2.7 The corrected and uncorrected temperature (even if identical), accounting for 
the correction factor of the associated measurement device, must be recorded 
on the receiving documentation. 


6.2.8 Document any temperature anomalies on the work order checklist.  


6.3 pH Measurement 


6.3.1 With the exception of volatile samples, pH preservation of all samples shall be 
verified at time of sample receipt 


6.3.2 Check the pH of the sample by utilizing a glass capillary tube to withdraw a 
small aliquot of sample.  Transfer the aliquot from the capillary tube, to a pH 
indicator strip.  Document whether the pH is appropriate for the method of 
preservation. 


6.3.3 Samples exhibiting pH preservation anomalies shall be 


• Documented in the sample checklist, and
• Adjusted to the correct pH with the appropriate acid or base
• If pH adjustment is required for aqueous samples requiring metals


analyses, the samples must be allowed to equilibrate for a period of no
less than 24 hours prior to submitting for laboratory processing.


• Record the BPL and amount added of preservatives utilized in the notes
section of the sample receipt checklist.


• When additional preservative is added to any sample within a delivery
group, add the same volume of preservative to any associated field or
equipment blanks to account for potential bias of the additional
preservative.


6.4 Sample Processing 


6.4.1 If multiple sets of samples are received or are awaiting processing, they 
should be prioritized in the following order: 


• Holding Time
• Turn Around Time
• Order of Receipt


6.4.2 If backlog is excessive and samples will require extended time (> 1 hr) prior 
to logging, store refrigerated until the process can be started. 


• The definition of extended time is superseded by contractual
obligations if so noted in project specifications and/or QAPP.


6.4.3 Remove samples from the transport container for reconciliation with the chain 
of custody.  Items to note include the following:  
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• Agreement of information between sample labels and associated chain-
of-custody.


• Missing or broken containers
• Unlabeled or illegible sample labels
• Evaluation of proper container and preservative usage
• Evaluation of adequate sample volume/weight for the required testing.
• pH checks to verify preservation (except for VOC samples)


• For Volatile analysis, vials must be examined for presence of headspace
(defined as head space greater than pea sized air bubbles).


• The date and time of sample collection.
• All inconsistencies must be noted on the Sample Receipt Checklist and


brought to the attention of the PM.


6.4.4 Samples submitted for volatile analysis should be delivered to the volatile 
laboratory as soon as possible in order to avoid possible lab contamination.  
Volatile samples must be segregated and stored in a designated area.  


6.5  Sample Log-In 


6.5.1 Log all samples into LIMS utilizing information from the Chain of Custody. 
(See SOP HN-SM-003, LIMS Log-In Procedure for more detailed 
documentation.)  


• Assign each sample an individual and unique laboratory identifier (see
Section 6.5.2).


• Link each laboratory identifier to the client sample identification or field
identifier.


• Link each laboratory identifier to the applicable sampling date/time.
• Use the projects and quotes features as much as possible to ensure the


assignment of correct pricing and parameters


6.5.2 LIMS will assign unique identifiers to each individual sample or sample 
fraction with the number of printed labels determined by the sample quantity 
(i.e., 3 bottles will create 3 labels). 


• For individual samples or sample fractions containing multiple
containers, each container shall be designated as “x of total”. (For
example, if sample “-01A” represents 2-40 ml VOA vials, the vials would
be designated as “01A-1 of 2”, and “01A-2 of 2”).


6.5.3 Assign sample storage locations accordingly based on sample matrix and/or 
type of analyses.  


6.5.4 Samples must be labeled and stored as soon as possible to minimize the time 
they are at ambient temperature.  Effort should be made not to obstruct field 
labels. 


6.5.5 If the logging process is anticipated to exceed 60 minutes (or as specified by 
contractual obligation), samples should be placed in the walk-in cooler or VOA 
unit as applicable until such time that they can be handled appropriately.  


6.6 Sample Receipt Review 


6.6.1 Upon completion of the preliminary sample check-in, all documentation must 
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be placed in an appropriately labeled work order file folder and forwarded to 
the PM.   


6.6.2 The PM must review the work order information for accuracy and compliance 
prior to completing the sample receipt procedure. 


• In the event that COC information does not conform to the laboratory’s
understanding of project requirements, the PM must contact the client,
resolve the situation, document the resolution in the work order file,
and update LIMS accordingly.


• In the event that samples are received outside of defined criteria (i.e.,
holding time, temperature, preservation, sample size, etc), the PM must
contact the client, define the discrepancy, and provide information as to
the impact on analytical results.


• If the client wishes to continue the analytical process, the PM must
document the discussion in the work order file prior to finalizing the
sample receipt/log-in procedure.


• If the client wishes to discontinue the analytical process, the PM shall
remove the affected sample(s) from the work order prior to finalizing
the sample receipt/log-in procedure.


6.6.3 Upon completion of the review, the PM shall finalize the sample receipt/log-in 
procedure by providing a date/time stamp in the “Log Review” field of the 
electronic work order file. 


6.7 Subcontracting Analytical Work  


6.7.1 All sub-contracted samples must be processed according to the guidelines 
documented in HN-GEN-007, Sample Sub-Contracting. 


6.7.2 Upon inspection of the received sample containers, determine if separate 
containers were collected for the analyses to be performed by the outside 
laboratory.   


• If separate containers were not provided, the sample must be sub-
sampled (and preserved if necessary).


• The sample container type, the preservative, and the sample volume
must meet the requirements for the analyses to be performed.


6.7.3 A Subcontract Chain of Custody must be generated via LIMS and must 
accompany the samples to the subcontract laboratory. 


6.8 Transport of Subcontracted Samples 


6.8.1 Samples to be shipped by commercial carrier must: 


• Be properly packed and shipped according to regulatory guidelines.
• Glass sample containers shall be placed in bubble bags to prevent


breakage.
• All water sample containers shall be placed in plastic zip-lock bags to


prevent leakage.
• The transport container should be lined with a plastic garbage bag to


prevent the cooler from leaking melted ice.
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• A copy of the relinquished chain of custody and the courier’s
documentation shall be kept for tracking purposes.


6.8.2 Samples to be picked-up by a local laboratory shall be: 


• Placed in a cooler with bubble bags, zip-lock bags, and ice as required
• Maintained by the sample custodian or PM until pick-up.
• Laboratory personnel relinquishing the samples must sign the chain of


custody and ensure a copy is kept for record keeping.


6.8.3 Samples to be transported via company courier shall: 


• Be packed in a cooler with bubble bags, zip-lock bags, and ice.
• The courier must ensure a copy of the signed chain of custody is


returned to the laboratory for record keeping.


7) Equipment and Supplies


7.1 Traceable digital thermometer or IR gun 


7.2 Safety glasses and protective gloves 


7.3 pH paper, range 1-14 


7.4 Glass capillary tubes 


8) Quality Assurance and Quality Control
8.1 Adherence to this SOP will be monitored through the internal audit process by QA. 


9) Summary of Changes
Table 9.1 Summary of Changes
Revision 
Number 


Effective 
Date 


Document 
Editor Description of Changes 


R07 7/1/13 CES Formatting 
R08 10/1/14 CES Recording of corrected and uncorrected temperature 


values, as well as appropriate pH measurement 
procedure.  Adding additional preservatives to field 
blanks when pH is corrected on samples. 


10) References and Related Documents


10.1 TNI Standard, Quality Systems, Volume 1/ Module 2/ Section 5.8, (Adopted September
9, 2009 & Implemented July 1, 2011) 


10.2 ALS Environmental Quality Assurance Manual, Revision 7.0 (or most current) 


10.3 Chain of Custody  


10.4 Sample Receipt Checklist 


10.5 Sample Handling Guide 


10.6 Sample Receipt Policy 


10.7 BP Sample Receipt Form 
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Sample Receipt Policy* 


• The chain-of-custody (COC) should be filled out completely to include: (a) sample
identification, (b) date/time of sampling, (c) collector's identification, (d) preservation type,
and (e) sample type.


• Samples received without a COC or with an incomplete COC information will be retained*
but not accepted until the missing information has been obtained.  Upon receipt of the
completed COC, samples will be accepted.


• Samples should utilize the appropriate container. Samples should have sufficient volume
and hold time for their requested analyses. Sample labeling should have unique identifiers
with durable ink types. Sample labeling must match the associated information documented
on the COC.


• The laboratory provides multiple containers for collection of specified Quality Control
(QC) samples, strongly recommends their use, and cautions that failure to provide sufficient
QC volume may jeopardize data validation in the event of regulatory review and/or
litigation. In the event that insufficient sample volume is submitted, the laboratory will
process samples as requested but will not assume liability for missing and/or incomplete
QC criteria resulting from insufficient sample volume.


• The laboratory will accept samples received outside of normal EPA sampling guidelines for
hold time, preservation, required volume, and/or container type.  However, these samples
will not be processed until the anomaly has been resolved via contact between the client
and the project manager. Final reports may indicate "qualified" analytical values dependent
upon the anomaly and final resolution.


• Prior to shipping, arrangements for samples requiring legal or evidentiary custody must be
completed due to the required specialized handling, storage, and documentary procedures.


• Samples with composite requirements will be accepted and processed according to the
guidelines documented in Standard Operating Procedure HN-QS-008 entitled “Sample
Homogenization”.


• Samples arriving after 5:00 PM will be considered as received on 8:00 AM the following
business day for the calculation of Turn around Time.


• Samples for which the laboratory is not suitably equipped and which pose a potential health
and/or safety threat to laboratory staff (such as radioactive material, phosgene, vinyl
chloride monomer, etc.) will not be accepted.  These samples will be returned or, pending
client instruction, forwarded, at client expense, to a different facility.


* Acceptance is defined as assuming custodial responsibility for sample submittals. Retained is defined as holding
submittals in a secure facility without assuming custodial responsibility.
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BP Sample Receipt Log-In Sheet 
Lab Name: ALS Environmental Log-in Date: 


Received by (print name): 


Received by (sign name): Log-in Time: 


Work Order Number: 


Client Sample ID Assigned Lab # Initial 
pH 


Initial 
Temp.      
( C ) 


Final 
Temp.     
( C )* 


Adjusted pH 


Acid 
Added Lot # Date and 


Time 
Final 
pH 


Date and 
Time 


Example: 60528 1203999-
01C 5 3.0 3.0 HNO3 15689-


157 


03/28/12 
< 2 


03/29/12 
2:20:00 


PM 
2:30:00 


PM 


Reviewed by: Logbook 
No. 


Review Date: Logbook Page No. 


* Required if login process > 20
minutes. 
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Acronyms and Abbreviations 
DQM Data Qualification Manager 


EQuIS Environmental Quality Information System 


MAG Method Analyte Group 


EQuIS 6 Data Qualification Module 


1.1 Overview 
The Data Qualification Module is part of the EQuIS™ 6 Professional tool set. The DQM feature is accessed 
through user interface module of EQuIS™ Professional and it contains options for “DQM Settings”, “DQM 
Qualification” and “DQM History”. Through “DQM Settings” users can modify qualifiers and remarks for rules 
and their parameters. When the “DQM Qualification Report” is run through the “DQM Qualification” option, 
a form is displayed that contains results with rule violations in the "Review Qualification" tab of the form. 
From the "Save Qualification" tab of that form, the user can export the results to Excel through the “Save 
Report” option. Then from that tab of the form the user selects the “Validate Results” check-box to update 
the “VALIDATED_YN” field in the database to ‘Y’ for all selected results. Next the “Apply Interpreted 
Qualifiers” check-box is selected to update the “INTERPRETED_QUALIFIERS” field in the database to the 
qualifiers reflected in the "Review Qualification" tab of the form. The “Qualify Samples” check-box is then 
selected to update the “DQM_DATE” and the “DQM_USER” fields for the results evaluated. These options 
are committed to the database when the “Save Qualifiers” button is clicked. Historical information for 
previous DQM qualifications applied can be then be viewed using the “DQM History” option. 


Figure 1 EQuIS Professional Menu 


Figure 2 DQM Menu Options 


1.2 DQM Settings 
The Data Quality Manager (DQM) evaluates data quality through a series of checks established by the user 
and associated with a QAPP code. Each of the checks can have one or more rules associated with it, with 
each rule having an assigned qualifier. Each check can then be easily customized through a series of 
parameters that are associated with it. 
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The DQM uses unique QAPP codes to allow agency or project specific checks, rule and parameters to be 
stored and run against the project data set. QAPP specific checks can be easily copied to a new QAPP code 
and edited to customize that version of the QAPP checks. 


Before running the “DQM Qualification Report”, the user must select the desired QAPP code to be used for 
the data set.  


Figure 3 DQM Menu Option - Settings 


 
Figure 4 DQM QAPP Code Selection 


 
 


A series of DQM checks are provided by EarthSoft as a starting point for QAPP check development. They 
include the following: 


• Check for Blank Contamination 


• Check for Duplicate Results 


• Check for Estimated Results 


• Check Holding Times 


• Check Percent Solids 


• Check Relative Percent Difference 


• Check Relative Percent Difference (RPD) Field 


• Check for Result Numeric Magnitude 


• Check Sample Units 


• Check Surrogate Recovery   
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Figure 5 DQM Check Selection 


 
 


Check rules can be added, revised or deleted through the “Rules” tab. 


Figure 6 DQM Rules Tab 


 
 


Check parameters can be added, revised or deleted through the “Parameters” tab. 


Figure 7 DQM Parameters Tab 


 
 


The “Qualifier” tab allows the user to add, edit, or delete the list of available qualifiers to be used. The final 
qualifier to be reported in the “DQM Qualification Report” is determined through the “Rank” field of the 
“Qualifier” tab. 
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Figure 8 DQM Qualifiers Tab 


 
 


The Data Quality Manager includes the tool option in Figure 9 to copy existing QAPP checks, rules and 
parameters to a new QAPP code.  


Figure 9 DQM Tools Tab 


 
 


1.3 DQM Qualification 
Once the Qualification option is selected from the DQM menu, the “DQM Qualification” tab is displayed. It is 
through this window that the user defines the criteria for the data quality evaluation. The user identifies the 
method by which the project data is selected for inclusion through the “Qualify By” criteria option. Based on 
the method of data selection identified in the “Qualify By” option, the user then identifies the specific data 
sets to be included in the evaluation (i.e. Task Code, SDG number, etc.). The user can then limit results in the 
data set by selecting a MAG (Method-Analyte-Group). This criteria is optional. The user then selects the 
QAPP code to be used for the evaluation. Once the QAPP code is selected, the user can select one or more of 
the checks associated with the selected QAPP code. If a holding time check is selected, the user must identify 
the “Type” of date check to be performed. The example below reflects a “Collection to prep” holding time 
check.    


Figure 10 DQM Menu Option - Qualification 
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Figure 11 DQM Qualification Tab 


 
 


1.3.1 DQM Qualification – Qualify By 
Once the DQM Qualification tab has been displayed and selected, the user first selects a desired choice 
through the “Qualify By” report criteria option. Only one item can be selected for this report option. The 
options include chain_of_custody, field_sdg, lab_sdg or task_code. 


Figure 12 DQM Qualifications - Qualify By 


 


1.3.2 DQM Qualification – Qualify 
Once the “Qualify By” criteria has been set, clicking on the “Qualify” report criteria option displays a list of 
the choices available for the selected “Qualify By” criteria. The user selects one or more of the choices by 
setting the check box for a given choice.    
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Figure 13 DQM Qualifications - Qualify 


 


1.3.3 DQM Qualification – Method Analyte Group 
Once the data set criteria has been selected through the “Qualify By” and “Qualify” criertia options, the user 
can restrict the data set to a sepcific set of results as defined by the method analyte group. This is a 
predefined list of analytes associated with a given method. This report criteria option is optional. 


Figure 14 DQM Qualifications - Method Analyte Group 


 


1.3.4 DQM Qualification – QAPP Code 
At this point, the user selects the desired QAPP code through the “DQM_QAPP_CODE” report criteria option. 
It is this QAPP code and it’s associated checks that will be used for the data set evaluation. 
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Figure 15 DQM Qualifications - QAPP Code 


 


1.3.5 DQM Qualification – Checks 
Once the desired QAPP code has been selected, the “Checks” report criteria option is selected. When clicked, 
the “Checks” option displays the list of checks associated with the selected QAPP code. The user then selects 
one ot more checks to be perfomed on the selected data set. 


Figure 16 DQM Qualifications - Checks 


 


1.3.6 DQM Qualification – Types 
If a holding time check is selected as a check through the “Checks” report criteria option, the user must 
provide on or more types of checks to perfom through the “Types” report criteria option.  
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Figure 17 DQM Qualifications - Types 


 


1.3.7 DQM Qualification Report – Running the Report 
At this point, all criteria required for the report has been defined and the user can click the green right arrow 
to run the report. This will display the DQM Qualifiication report window for review and adjustment of the 
evaluation findings.  


Figure 18 DQM Qualification Report - Run Report 


 


1.3.8 DQM Qualification Report – Review All Qualifiers 
The first tab of the DQM Qualification report is the “Review All Qualifiers” tab. This tab reflects all results that 
failed one or more of the checks associated with the selected QAPP code. Results may be reflected more 
than once on this tab if they failed more than one check. The associated qualifiers have not been ranked at 
this point; so all qualifiers are available for review. 
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Figure 19 DQM Qualification Report - Review All Qualifiers 


 


1.3.9 DQM Qualification Report – Analytical Results 
The “Analytical Results” tab in the DQM Qualification report contains all results, with the proposed final 
(ranked) qualifier populated in the “DQM_QUALIFIER” and the “APPLY_QUALIFIER” fields. It is at this point 
where the user can override the qualifiers recommended through DQM and make those adjustments desired 
by the user to the “APPLY_QUALIFIER” field. 


Figure 20 DQM Qualification Report - Analytical Results 1 
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Figure 21 DQM Qualification Report - Analytical Results 2 


 


1.3.10 DQM Qualification – Save Qualification 
Once any desired adjustments have been made to the “Analytical Results” tab of the “DQM Qualification” 
report. The user naviagtes to the “Save Qualification” tab. This tab has options to export the “DQM 
Qualification” report to Excel for later reivew, use and/or documentation purposes. It is also through this tab 
that the “APPLY_QUALIFIERS” are commited to the database, using those options set in the “Save 
Qualification” tab. 


1.3.11 DQM Qualification – Save Qualification Save Report 
From the “Save Qualification” tab, the user can export the “DQM Qualification” report organized in up to 
four ways. They are “Includes Violations by Check”, “Includes Violations by Sample”, “Includes Violations by 
Results”, and “Includes Violations Table”. This file can be used for subsequent data review and for 
documentation purposes. To export the “DQM Qualification” report to Excel, the user clicks the “Save 
Report” button on the “Save Qualification” tab. 


Figure 22 DQM Qualification Report - Save Qualification Save Report 


 


1.3.12 DQM Qualification – Save Qualification Save Qualifiers 
Once the qualified data set in “Analytical Results” is considered final and no further adjustments to 
“APPLY_QUALIFIERS” field is needed, the database can be updated with the “APPLY_QUALIFIERS” and 
associated “DQM Qualification” report information. The options for making the database updates are listed 
on the “Save Qualification” tab of the “DQM Qualification” report window. The options include directly 
applying “APPLY_QUALIFIERS” for the “INTERPRETED_QUALIFIERS” field and/or the 
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“VALIDATOR_QUALIFIERS” field, or concatenating the “APPLY_QUALIFIERS” with the existing flags in the 
“INTERPRETED_QUALIFIERS” field and/or the “VALIDATOR_QUALIFIERS” field. There are also options for 
setting the detect and reportable result status flags. To save the qualifiers, the user clicks the “Save 
Qualifiers” button on the “Save Qualification” tab.   


Figure 23 DQM Qualification Report Save Qualification Save Qualifiers 


1.4 DQM History 
The user can review historical DQM information captured in the EQuIS database DQM tables through this 
option. When select from the DQM menu options, this item prompts the user to supply the basic criteria 
used for the orginal validation event. This would include the task_code, field_sdg, lab_sdg, chain_of_custody, 
or the date the “Save Qualifiers” button was clicked. 


Figure 24 DQM History 
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Appendix D 
Project Schedule 











ID Task Name Duration Start Finish Predecessors Resource Names


1 Kickoff Call 1 day Fri 3/13/15 Fri 3/13/15


2 Scoping Session 1 day Tue 6/16/15 Tue 6/16/15


3 Work Plan Submitted to USEPA 1 day Mon 7/27/15 Mon 7/27/15


4 Work Plan Approval/Budget Assigned 62 edays Tue 7/28/15 Mon 9/28/15


5 Site Specific Plans (QAPP, DMP, SMP, FSP, HASP) Submitted 29 edays Mon 8/10/15 Tue 9/8/15


6 USEPA Approval of QAPP 30 edays Wed 9/9/15 Fri 10/9/15 5


7 EPA Coordinates Property Access 93 edays Wed 6/17/15 Fri 9/18/15


8 Subcontractor Procurement 21 edays Wed 9/9/15 Wed 9/30/15


9 Phase 1 Field Work 23 edays Mon 3/7/16 Wed 3/30/16


10 Final Analytical Results Returned from Lab 5 edays Wed 3/30/16 Mon 4/4/16 9


11 Data Evaluation/Plan for Phase 2 4 edays Mon 4/4/16 Fri 4/8/16 10


12 Phase 2 Field Work 14 edays Mon 4/11/16 Mon 4/25/16


13 Analytical Results Returned from Lab 10 edays Mon 4/25/16 Thu 5/5/16 12


14 Data Validation/DV Letter Summary Report 21 edays Thu 5/5/16 Thu 5/26/16 13


15 Data Evaluation/Plan for Phase 3 7 days Thu 5/5/16 Fri 5/13/16 13


16 Phase 3 Field Work 16 edays Fri 5/13/16 Sun 5/29/16 15


17 Analytical Results Returned from Lab 7 edays Sun 5/29/16 Sun 6/5/16 16


18 Data Validation/DV Letter Summary Report 21 edays Sun 6/5/16 Sun 6/26/16 17


19 SLHHRA/SLERA 31 days Fri 5/13/16 Fri 6/24/16


20 USEPA Review of SLHHRA/SLERA 7 edays Fri 6/24/16 Fri 7/1/16 19


21 Baseline HHRA/ERA 32 edays Fri 7/1/16 Tue 8/2/16 20


22 Draft Remedial Investigation Report 137 edays Mon 3/21/16 Fri 8/5/16


23 Work Assignment Close-Out 7 edays Mon 8/8/16 Mon 8/15/16 22FS+2 days


3/1 3/22 4/12 5/3 5/24 6/14 7/5 7/26 8/16 9/6 9/27 10/18 11/8 11/29 12/20 1/10 1/31 2/21 3/13 4/3 4/24 5/15 6/5 6/26 7/17 8/7 8/28
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